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PRE FACE

This historical monograph covers the pioneer efforts and subse-

quent contributions of the U, S. Army 0rdnance Corps in the field of

automatic electronic computing systems during the period lt42 through

l95l .

No comprehensive history of electronic computers within the

U. S. Army Ordnance Corps had previously been compiled and for this

reason the sources for this monograph were many and varied. In general,

however, these sources consisted of books (i. e. open literature),

co.nputer manuals, reports, interviews, and data prepared especial ly

for this monograph by personnel of the Computing Laboratory, Ballistlc

Research Laboratories, Aberdeen Proving Ground, Maryland.

1.1r. !.lartin H. Wei k, Technical Staf f Assistant, Cornputing Labora-

tory, BRL, assisted the author during the entire course of preparation

of the monograph and supplied much of the information used in its conr-

pllation. l,lr. Weik also prepared The Computer Tree which is included

in Chapter Vlf.
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I NTRODUCT I ON

It is quite well known that the United States Army 0rdnance Corps

has made many significant contributions to both science and industry.

0f all its contributions however, few can match the importance of the

Ordnance Corpsr pioneer efforts in the field of electronic computers.

In the interest of narional defense, the development of electronic com-

puting systems could not wait unril normal economic laws brought about

the supply of systems through conmercial demand. Therefore, recognizing

the urgent need for such cornputers, the Ordnance Corps initiated the de-

velopment work and supplied the funds that led to the first high-speed,

electronlc, automatic computer. This computer, called the ElllAC (!lec-

tronic Numerical lntegrator And lonputer), was proposed in 1942 and com-

pleted in 1946.

The installation of the ENIAC in 1947 in the Ballistic Research

Laboratories at Aberdeen Proving Ground, Haryland, marked the beginning

of the widespread use of electronic cornputing machines. Since the advent

of the ENIAC, a large expansion has taken place in the computer field.

Investment rates in conputing equipment in the United States rose froot

ten million dollars per year in 1953 to one hundred million dollars per

year in 1956. Present (1951) expenditures for computing eguipment has

passed the bi | | ion dol lars per year mark.

Electronic coorputers find wide use throrghout the Department of

Defense and many other government agencies, Almost every colrmodity in-

dustry such as oil, steel, and rubber is utilizing computing equipment
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for both scientific and conmercial appl ications. Servlce industries,

such as banking, transportation, and insurance have appl ied large scale

computing systems toward the solution of problems in the fields of ac-

countlng, reservations control, and bookkeeping. Manufacturens have

used computing systems for design engineering and scientific research.

t'lany systems are being util ized for inventory and stock control . The de-

termination of manufacturing plant location and stock parts storage are

being made by I inear prograrming methods. Electronic computers are used

by the construction industry for design and location of structures and

road nets. l,lany digital computers form a part of closed loop industrial

process control systems. I./here the processing of large quanti ties of

data are necessary, computing systems are invaluable.

It must be left for the historian of the future to accurately evaluate

the effect of automatic computing machines on manrs destiny. lt is yet

too early to make even a good guess. However, one thing is certain:

electronic computers have ushered in a change equal to that of the Indus-

trial Revolution. By the harnessing of mechanical pourer (steam engine,

etc.) man was able to perform work beyond the capacity of his ovrn muscles

(or that of beasts of burden) and his world changed as a result. He

could travel at speeds undreamed of in earlier times, he could fabricate

structures never before possible, and he could build machinery to perform

intricate work and produce large quantities of consumer goods at low cost.

By the development of machinery for handling Information and thus enabling
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decislons to be made automatlcally by mechenlzlng the loglc of rnental

process, man ls novr able to perform rental work beyond the caPaclty of

hls brain. Hany problems that have remained unsolved for years because

the calculatlons were toformidable for a human to perforrn can non be

handled by electronic cqnputers. Aircraft design, ballistlc crystallo-

graphy, electron optics, astronomy, pure mathematlcs, and weather fore-

casting are Just a few of the activlties ln which automatic canputlng

machlnes are and wlll continue to play ever Increaslngly lmportant roles.

At thls point lt might be r.rell to consider the questlonirVhat is

€n autonrittic conputer?tt An automatlc ccnputer ls a machlne so constructed

that it can perform a compllcated seguence of arlttmetical and loglcal

operatlons at hlgh speeds, without human interventlon or asslstance. The

present-day automatlc cornputers utllize electronlc clrcuits as the maJor

operating conponents and are capable of conputlng speeds of the order of

a few mllllmicroseconds per loglcal decision. Ue can properly refer to

this class of machines as high-speed electronic autqnatic computers.

I t i s the term rrautomat i crr, however, that des ignates the most lrn-

portant characterlstlc of the rnodern electronic cmputer. This is lts

ability to guide and control itself durlng the course of lts data proces-

sing actlon. The. human operater ls needed only to sot up and start the

machine, whlch can then operate vrithout human Interventlon, guidance, or

directlon. Honever, the machine ls self-dlrectlng only withln deflnltc

prescrlbgd llmits which mrst be predetermlned by the operator during the

setup of the machlne and durlng prograrming.
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Automatlc canputers perform many operations whlch prevlously were

done only by human labor and thls has led sonre wrlters to refer to auto-

matic computers as "glant bralnsrr. They definitely are not electronic

brains and do not'rthinkrrin the creatlve sense of the word. A human mlnd

must first determlne a way of solvlng the problem and then Instruct the

computer how to solve the problem when glven the data. The human operatlon

of preparing the instructions for the automatic computer ls called pro-

grafiming, and the resulting set of instructlons ls cal led a program or a

routine. Without a program, an autqnatic conputer cannot perform any

data process ing.

All computers' whether rpchanical or electronic, can be divlded Into

two distinct classes, depending on the form in which information is handled.

lf the informatlon is handled in the form of letters or dlglts they are

classed as digltal computers. lf the information ls handled in the form

of an electrical equivalent of physlcal variables, they are classed as

analog computers. Analog computers may also represent numertcal quanti-

ties by such physlcal variables as translatlon, rotatlon, voltage, or re-

sistance. The slide rule and the antlaircraft predictor are examples of

analog comPuters. The digital cofiiputer utllizes numbers In a glven scale

of notation to represent all the quantlties that occur In a problem or a

calculatlon. The abacus and the desk calculator are examples of dlgital
cornPuters.

In a very general way lt can be said that the advantages of the dlgi-
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tal computer conpared to the analog ccrnputerr of€ lts greater flexibll'

Ity and greater preclsion, whlle its disadvantages are lts higher cost

and greater conplexi ty.

Hore and more emphasis is being placed on the digital cofllputer al-

though there are still scne applications where the analog computer is de-

sirable. Throughout the 0rdnance Corps the digital computer is the one

most widely used for the various 0rdnance applications. The analog con-

puter f.inds use primarily in the older antiaircraft and antimissile fire

control devices.

The importance of automatic cornPuters to the U. S. Army 0rdnance

Corps is well illustrated by the extensive use of various types of com-

puters at 0rdnance Corps Installations. An Inventory of computers wlthln

the 0rdnance Corps for the Flscal Year 196l lists a total of l12 conputers

of 36 different types in use at 26 Ordnance Corps installatlons.l

At Aberdeen Proving Ground, for example, the Computing Laboratory has

a personnel strength representing 12% of the total personnel of the Bal-

I i st i c, Research Laborator I es. The Ccnput i ng Laboratory anpl oys 122 per-

sons. These include: 5l l.lathematicians; l5 Electronics Engineers;4

Tabu I at i ng Equ i pment Operators ; 38 l{a i ntenance and Support i ng personnel ;

and l4 ml I itary.

lsee Appendix V



CHAPTER I

PRE-ELECTRONIC COMPUT ING DEVICES

Thu flrst high-speed electronic automatic computer, the ENIAC, was

put into operation at Aberdeen Proving Ground in 1947 and introduced an

era of possibilities never before available to the field of computation.

tt was one of the most significant developments of our time because it

enabled us to expand our knowledge in almost every field through limlt-

less'quantities of accurate, inexpensive computation performed at high

speeds.

Prior to the advent of the ENIAC, however, were thousands of years

of development to produce devices which could remove the drudgery of com-

putation. The very first requlrement was the inventlon of a means to

record numbers. Various means were used in early times to do this. The

Hebrews, Greeks and Romans, for example, used the letters of their alpha-

bets to represent numbers, but these systems did not lend themselves to

easy computation of mathematical problems. Anyone familiar with the

Roman numeral system can imagine the difficulty in multiplying CCXVII by

XXIX to get I4MIIMMMCCXCI I l.
ln spite of clumsy systems of recording numbers Egyptians, Greeks

and Romans were nonet,heless able to perform computations. A method of

finger computation evolved and at some time prior to 600 B. C. an in-

genious calculating device, the abacus, was developed and used by them,

This calculating device employed a place system and was built around the

base ten. Strangely enough it seems never to have occurred to those people
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to vrrlte numerals In thls same system. That ldea was to come many years

later from India.

The Roman-type abacus found its way to the Orlent around the twelfth

century A.0. and today it stlll remains the prlncipal means of conputlng

In Chlna and Japan. lt ls a simple devlce and a skilled operator can add,

subtract, multiply and divlde with amazing speed. In fact, the champlon

abacus operator of Japan scme years ago defeated a man using an electric

calculatlng machine. The achievement of such speed and accuracy on the

abacus, however, requires considerable tralning, whlch ls one dlsadvantage

of the abacus.

The modern abacus consistscfa rectangular frame wlth a number of rods

or wlres. These rods are divided Into two unegual portlons by a transverse

bar. 0n the upper, smal ler portion of each rod are two beads and on thc

lo,ver portlon flve beads. (The modern Japanese abacus has one bead above

and four beads belol the bar.) The whole acts as a numerlcal reglster,

each rod representing a declmal order as in our famil iar rrarablcrr notatlon.

The chlef dlsadvantage of the abacus ls that the operator must per-

form his calculatlons mentally. The devlce merely stores hls results step

by step. lt does not perform the actual calculations as does the modern

desk calculator.

As nrentloned prevloursly, In splte of the use of the abacus by the

Grccks and Romans the Uestern peoples dld not develop a convenlent system

of nuner,atlon. Thls was accompl lshed by Hlndu scholars nearly two thousand
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years ago. They developed the symbols and the place system which en-

ables us to express any number, no matter how large or small lt may be.

Thls system is easy to learn and simple to use. lt is bullt around the

base ten, although any number might have been used. lt is possible that

the base of ten was selected because man had always used hls fingers for

count i ng.

The Hindu numerals with their place system were carried westward by

merchants and scholars and flnally reached Spain in the tenth century.

Holever it was not until the flfteenth century that they finally prevailed

in the Western hJorld and took their present form 0, l, 2, 3, 4, 5, 6, 7, 8,

and 9. This development opened the door to modern mathematics.

Around 1500 John Napier, a Scottish mathematician, invented logarithms

and also prepared a convenient multiplication table on pieces of wood or

bone' 'rNapierrs bonegr, as they were called, had no practical value but

his logarlthms did. Around 1632 Vi | | lam 0ughtred in England made the

first slide rule by inscribing logarithms on wood or ivory. The slide

rule is an analog computer which is still widely used by scientists and

engineers throughout the entire world.

Shortly after Napierrs achievements, around 1642, Blaise Pascal in

France constructed an adding machine that resembled the modern desk cal-

culator. This machine consisted of a series of ratchet-driven wheels lrith

the numbers 0 to 9 on them. Although it was a simple devlce and could

only add and subtract lt embodied one very important development which
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is an essential part of the digital computing technique, namely a means

of making thetrcarry over'r lnto an automatic process. lt also indicated

the possibility of multiplying numbers by successive addition. For the

first time a machine was built that approached automatic computing because

It removed a function from the operator to the machine.

In l67l Gottfried Leibnitz, in Germany, invented the stepped wheel,

a cyl indrical drum havlng nine teeth of increasing length along its

surface. When the drum was rotated, a gear sliding on an axis parallel

to that of the drum engaged sorne of the teeth, thereby undergoing a cor-

responding number of rotation steps. The Leibnitz wheel made it possible

to multiply quickly by repeated additions. From then onwards a variety of

improved calculatlng machines were devised, all based on the original ldea

of wheels moved around in steps, and by the nineteenth century cormercial

models began to appear. The Thomas machine (France) embod:ed this princF

pfe and, starting in 1822, was the first to be manufactured for widespread

use. lt was a dependable, crank-operated, four-process machine. In 1885

Burroughs, in the United States, produced an adding machine and in 1902

the first machine with completely automatic multipl ication and division

was built by Rechnitzer, also in the United States. Several machines

were designed in various countries and by 1920, with the fully automatic

l,lonroe machine, we reach the stage of desk calculators fami I iar to us In

banks, offices and laboratories. These are the machlnes that do most of

the worldrs conputatlon, the modern ones being electrical ly driven and

assuming more and more of the operatorrs functions.
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These machines, however, are limited in scope and regulre the con-

stant attention of a human operator to supply them with numbers and to

record on paper the result of each stage of the calculatlon before pro-

ceeding to the next one. They do save time and mental effort but they

are not fast enough where very large quantities of numerical data have to

be handled. lt must also be noted that they are not true forerunners of

t he modern e lect ron i c cornputers .

The principles of modern computers, albeit in mechanical form, were

laid down by Charles Babbage in England. Starting in l8l2 he attempted to'
bul ld an automatic mechanical calculator. He was fami liar with llul lers

idea for a difference engine (1786) and Jaquesr idea for controlling a loom

by means of punched holes (17751. He incorporated both ideas and actually

made models of a difference engine which was card controlled. Technical

problems of construction were too great for nechanical engineering of that

period and the computer was never finished. Later, Babbage conceived an

even more ambitious idea. He worked on the design of an analytical engine,

which, had it been built, would have incorporated ideas familiar to the

modern digi tal computer.

Babbagers new idea was to extend the capabilitles of the dlfference

engine 5o that it could not merely add and print, but also multiply, divide,

and call for new data frorn its hurnan operator. In order for the analytical

engine to perform the tasks expected of it, it was necessary to express

all the pos,sible instructions to the machine in the form of stereotyped

cqrmands. Such a procedure ls known as the logic or the logical design
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of a cornputer, and Babbagers englne was strikingly modern in regard to

its logical design. Except for the need of a human attendant to read

into the machine values frorn mathematical tables, this engine was logical-

ly parallel to most of the recent autornatic computers. Naturally the speed

of ccnputation would have been far belouv that of the modern calculator

(it could perform one addition per second), since Eabbage had to use the

purely mechanical techniques available in his day.

A significant part of his design for an analytical engine was the

use of arrstorerrfor holding the partial results of arlthmetic operations

perfornnd in what ha called the 'rmi I lrr. To feed numbers into the machine

he proposed a system using patterns of holes punched in cards, while the

results of calculations brere to be presented by a mechanism which would

set up the approprlate numerals in type.ready for printing. Another pro-

posal was that the engine should be'capable of deciding on a course of

action in the I ight of partial results obtained. He called this the rrcorr

trolil. All these ideas have become features of the modern dlgital computer,

and it is mainly because of them that our present-day machines are so fast

in operation and so versati le in their range of calculations.

The next important development along this llne was made by Hollerith

and Porers during 1880-1890. Working for the United States Census Bureau

they required sqne means of handling large masses of informatlon. This

led to the developnent of the flrst key punch, the first sorter, and the

flrst tabulFtor, all using large punched cards. The patterns of round
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holes in the cards were formed by using a crude 6"1d-punching device.

The cards could be sorted into the series or order wanted, and then

tabulated to reduce the census data to manageable form. Hollerith did

not use the punched cards to control the course of computation, but sim-

ply used the holes in the cards to carry information. Hollerith and

Powers also employed the electromagnetic technigues in their machine,

that is, lnformation on the card (hole or no hole) was converted into

electric impulses, and the electric impulses actuated devices known as

relays.

ln 1925, at the I'lassachusetts Institute of Technology, Dr. Vannevar

Bush and his associates began studying the problem of designing a machine

to solve differential equations. ln 1927, Dr. Bush started work on a

mechanical di fferential analyser. He experimented wi th mechanisms that

would integrate, add, multiply, etc., and methods of connecting them to-

gether in a machine. 0riginally he made use of electrical currents flowing

through watt-hour meters, which integrate the electrical power absorbed

by circuits attached to them. Later he reverted to the mechanical in-

tegrators of the wheel and disc type. A maJor part of the success of,

the machine depended on a device whereby a very smal I turning force would

do a rather large amount of work. By careful design of the discs and of

the wheel mountings, Dr. Bush was able to make the integrators accurate,

and, by introducing torque amplifiers to take the loads off the wheels so

that they rotated very freely, he was able to reduce the slippage between
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the wheel and the disc. He combined a frame with the Integrators, whlch

contained movable shafts, changeable gears and couplings, input hand'

wheels and output recording pens for producing a readable result.

By 1930 the first differential analyser was finished. lt was entlre-

ly nrechanical, having no electrical parts excePt the motors. lts disad-

vantage was the great deal of work required in changing from one problem

to another. This involved undoing old mechanical connections betbreen

shaftb and setting up new ones. For this reason the design of a second

analyser was begun in 1935, on which all connections could be made elec-

trlcally.

As early as 1932 personnel of the Ballistic Sectlon at Aberdeen Prov-

ing Ground had lnvestigated the possible use of the Differential Analyser

for ballistic cornputations. The machine was used to compute numerous

traJectories including a set sufficient for thepreparation of a complete

range table. lt was also tested on interior ballistic problems. A care-

ful study and evaluation of the results of this investigation led to the

fol lowi ng conclus ions :

l. Such a machine could be bui lt at Aberdeen Proving Ground.

2. The machine could perform various kinds of ballistic co{nputations

wlth the necessary accuracy.

3. Operation and maintenance would requlre no unusual skill,

4. The speed of the machine was such that lt would lnsure greatly

increased output of work by the Ballistic Section in any emergency.
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5. lt could perform routine work at a smaller total expendlture

of funds.

6, lts use in the preparation of range tables would replace numer-

ous cornplicated and indirect methods by simple, uniform and direct pro-

cess.

7. lts use would permit the investigation of various problems, the

solution of which was necessary to any advance in ballistic theory or

practice but which prevlously could not be studied because existing methods

requlred a prohlbitive amount of conputing labor.

It was declded to use the Bush Differential Analyser at Aberdeen

Proving Ground and its installation was completed ln 1935. After final

.adjustment and trials lt was used in the cqnputation of two firing tables.

These were completed with gratifying results by mld 1935.

The Bush Differential Analyser, an analog device, was installed under

the direction of Hajor James Guion, who was in ctrarge of the Balllstlc

Computing Sectlon at Aberdeen Proving Ground at that time. l,lajor Guion

had been quick to realize the value of this continuous variable calcula-

tor to the computational needs of the 0rdnance Department. The availabiF

Ity of this machine and the experience that was gained in its use were

invaluable to the Ordnance Department during the cruclal transition period

prior to Americars entry into World War I l.
The analyser installed at APG had ten integrating units and provi-

slons for tpo input and two output tables. However, despite its value
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as an lmportant mechanlcal aid to computatlon it had certaln llmltatlons.

The torque ampllfier, for example, although slmple In mechanical deslgn,

frequently failed toward the end of a long trajectory run with the loss

of the precedlng computation and an appreciable delay assoclated with

Its repalr. This type of failure and the interference that it caused wlth

the carrylng out of cornputations at the Ballistic Research Laboratory led

to extensive study to overco.ne this problem.

, At the outbreak of t/orld War | | In Europe the officer In charge of

balllstic cqnputations at APG was Lt. P. N. Glllon. He irmediately recog

nized the irmensity of the task that would fall upon the 0rdnance Depart-

ment In the event of United States partlclpatlon in the war and this pronpt-

ed hlm to seek both marked improvement ln nechanlcal aids to computatlon

and augmented facllltles for lts accompllshnent. A number of very lm-

portant things were undertaken to accornplish this purpose.

The lloore School of Electrical Engineering of the University of

Pennsylvania had a Bush Dlfferential Analyser of somewhat larger capacity

than the one at Aberdeen Proving Ground. lt had fourteen integrating

units instead of ten. Therefore the Ordnance Department awarded a con-

tract to the Unlverslty of Pennsylvania for the utilizatlon of this devlce.

Several additional contracts were later awarded to the Universlty to carry

out dlfferent phases of the Increasingly important role which lt was to

play in the computatlon activltles of the Ordnance Department during the

war.
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Lt. P. N. Gillon, in his capacity as officer in charge of ballistic

cornputations, conferred frequently with Dean Pender, Professor Brainerd,

and their associates at the Moore School in order to effect proper co-

ordination of the computational worl< at the two local ities, Phi ladelphia

and Aberdeen. There was a very talented group at the Hoore School under

the direction of Professor Brainerd and as a result of Lt. Gillonrs dis-

cussions with them Assistant Professor lJeygand undertook to develop an

electronic terque amplifier to replace the mechanical torque amplifiers

on the Bush Differential Analysers. This work was eminently successful

and, in addition, photoelectric fol lowers were developed by the Moore

School group for both the input and output tables of the analyser. As a

result of these accompl ishments the productive capacity of the analysers

at both the Moore School and Aberdeen Proving Ground were enhanced by at

least an order of magni tude.

During Uorld lJar ll the Bush Differential Analyser was used primarily

to cornpute trajectories for firing tables and to prepare traJectory charts

for use with VT fuzes. The machine could cornpute a 50-second trajectory

in about l5 minutes, whereas a human operator using a desk calculator re-

quired about 20 hours to perform the same cornputation. lts value to the

0rdnance Department during the war years was tremendous.

The next major development, prior to the advent of the high-speed

electronic autornatic cornputer, came in l!l+4 when Hov.'ard Aiken, in cooper-

ation with sonre lBl4 engineers and sorne graduate students at Harvard Uni-

versity, cornpleted the Hark I Relay Conputer, also called the Automatic
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Sequence-Control led Cal cu I ator.

Thls machine performed thousands of calculating steps,one after

another, according to a scheme fixed ahead of time. lts individual

operations were automatic, once the punched tape fixing the chain of

operations had been put on the machine, and it was sequence-controlled,

since control over the sequence of its operations was bullt into the

mach i ne.

The principle of operation of the Harl< | Relay Computer was electro-

mechani cal . I t comb i ned the two appl i cat i ons of the concept of state,

that is, the information for processing was represented by patterns of

open and closed relays (like the patterns of holes and no holes which

Babbage used).

Although the machine was efficient, fast, and capable of solving a

variety of problems its speed could not approach that of the electronic

computer, which is the next state in the development of computers and

the subject of this monograph. Nevertheless, it holds a permanent place

in the history of development of calculating machines, since it was the

first automatic machine to be comolutud.l

fgRL 
"a 

APG used two types of relay cornputers during 1947-1954. Two l8M
Relay Calculators were used for a short time but were not successful. Two
Bell Relay Computers vrere used. They were accurate, but slow and requlred
exPert maintenance. Dust and humidity adversely affected their operation.
However many useful results were obtained from the twin Bell Relay Comput-
ers during many years of successful operation. One good feature of the
Bell Relay Hachines was that they would run 15 hours overnight, unattended.
A problem regularly would be placed on the computer at 4:00 Pl,l. The next
morning, arriving operating personnel would find the problem solved and the
machine iaiting, or the machine still feversihly running the problem to a
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( | cont)

successful conclusion. Many times, if it was felt that the machines
would complete a problem during the night, a new problem was set before
the machine for it to tackle until personnel arrived the next morning.
This mode of operation increased the productivity of the cornputers with
a minimum of personnel. 0f course, once in a while a dirty relay would
cause a stoppage, for the Bell A and the Bell B would either run without
error or not run at al l.
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CHAPTER I I

THE EN IAC

The Worldrs Fi rst Electronic Automat ic Computer

When the United States entered }Jorld War ll the 0rdnance Departmentl

was faced with a task of gigantic proportions. lt was responsible for

design, procurement, distribution, and maintenance of ordnance materiel

for the Army Ground Forces, the Army Air Force, and, in some categories

the Navy. This task irmediately engendered an accelerated research and

development program. 0f extreme importance in this program was the pre-

Paration of firing and bombing tables. This work was conducted at the

Ballistlc Research Laboratory at Aberdeen Proving Ground, Haryland, where

the experimental data necessary to the computation of such tables was also

obtained. When it ls realized that for each weapon-amunition combina-

tion the preparation of a separate firing table is required, the magnitude

of the computations involving an entirely new series of weapons is easily

seen.

The preparation of firing and bqnbing tables was performed by the

Ballistic Computing Section of the Ballistic Research Laboratory. This

section was composed at that time of a few civilian employees who were

trained and highly skilled in the conventional methods of computation.

The 0rdnance Departrnent was renamed 0rdnance Corps in 1950.
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In addition to desk calculators the group had available the Bush Dif-

ferential Analyser, which was capable of handling many types of problems

but also had certain limitations. Captain P. N. Gillon, who was in

charge of bal I istic cornputations at the laboratory, recognized the

needfor improved aids to cornputation to cope wlth the greatly expanding

computat ional act ivi t ies.

Early in 1942 addi tional personnel , including mi I i tary, were acqui red

to work in the Ballistic Computing Section at Aberdeen Proving Ground.

Despite this increase in personnel work began to pile up and in June 1942

a contract was made with the Moore School of Electrical Engineering of

the University of Pennsylvania to operate i ts Eush Differential Analyser

exclusively for the army. ln September 1942 the Chief of 0rdnance granted

permission to operate a computing branch at the Moore School as a sub-

station of Aberdeen Proving Ground. ln this way the 0rdnance Department

could meet its requirements in computing. The two analysers were operated

day and night during the war.

The group at the Moore School of Electrical Engineering was super-

vised by Lt. Herman Goldstine, a member of the Aberdeen staff, who was

assigned there at Captain Gillonrs request to head the computational and

training activities. Lt. Goldstine was especially wel I qual ified for

this assignment because of his outstanding mathematical abi I ity and his

understanding and appreciation of 0rdnance problems in the field of bal-

I istic computation.2

I-Lt. H. Goldstine had received his doctorate in mathematics at the
University of Chicago.
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Early in 1943, Captain Goldstine (promoted in the interim) and

Professor Brainerd brought to Lt. Colonel Gillon (promoted 1942) the

outllne of the technical concepts underlying the design of an electronic

coorputer. The idea had been conceived by Dr. J. Mauchly in 1942 as a

result of work he had done previously with problems In weather study

and physics that required great masses of numerical information to be

handled, and also as a result of his experience at the I'loore School of

Electrical Engineering in the calculation of trajectories. This outl ine

was prepared at Captain Goldstiners request by Dr. l,lauchly and Hr. J. P.

Eckert, Jr. Lt. Colonel Gillon, who meanwhile had been asslgned to the

0ffice, Chief of 0rdnance as Oeputy Chlef of the Service Branch of the

Technical Division, realized fully that formidable opposltion would be

offered to the initiation and prosecution of a development of this sort,

especlally in view of the highly speculative character of its successful

conpletion. Hor.rever, he also fully real ized that there existed an urgent

need for sorne means to perform conputing at high speeds, not only for

ballistic computations but also for the research activlties of the 0rdnance

Department. Therefore he undertook to obtaln the necessary authorization

for its initiation and assumed full responsibility for its support and

supervision.

It v,as Colonel L. Simon, Lt. Colonel P. N. Gil lon, Captain H.

Goldstlne, and l.lr. S. Feltman who secured the support of the 0rdnance

Department.and contlnual ly stimulated the l.loore School of Electrical En-
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gineering of the University of Pennsylvania to further their efforts

wlth respect to aids to computation. Dr. J. Hauchly, l{r. J. P. Eckert,

Jr., Professor G. Brainerd, Dr. H. Pender and other members of the Univer-

sity of Pennsylvania staff applied their abilities to the problem of de-

signing an electronic automatic computer. The result was a proposal,

which was submitted to the Chief of 0rdnance on 8 April 1943.

The original agreement between the United States of America and the

trustees of the University of Pennsylvania, dated 5 June 1943, called for

six months of rrresearch and development of an electronic lumerical inte-

grator gnd computer and delivery of a report thereonrr. (The initial let-

ters of the words describing the device were used to form lts name - ENIAC.)

This initial contract, R.A.D. 1078-t,-670-0RD-4925 conmitted $61 ,700 in

Ordnance Department funds under appropriation number ORD 5l 166 P5l0-07-

A1005-23. Nine supplements to this contract extended the work to 1946,

increased the amount ultimately to a total of $t86,804.22, assigned tech-

nlcal supervision to the Ballistic Research Laboratory at Aberdeen Proving

Ground, and called for the delivery of a workingrrpilot modeltt, first to

be operable at the University of Pennsylvania and then to be del ivered to

the 8RL at APG.

From this point fortrard, the research staff and faculty of the l{oore

School of Electrical Engineering under 0r. H. Pender undertook energetic

prosecution of the development pursuant to the terms of the Ordnance con-

tract. The project was placed under the supervision of Professor Brainerd,

with tlr. .f . p. Eckert, Jr., as chief engineer, and Dr. J. Itauchly who pro-
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vided the original outl ine for this development, as principal consultant.

The res i dent supervi sor for the 0rdnance Department , Captai n H. Gol dst i ne,

not only exercised extraordinary detai led and highly competent supervlsion

for the Arrny but also contributed greatly to the mathematical side of the

undertalcing. As in al I important undertakings which achieve important

results, this was a work of many individuals.

Hany meetings and conferences were held during the early days of de-

velopment of the elctronic numerical integrator and computer (ENIAC).

Naturally many technical decisions had to be made. Then, as now, univer-

slties had an insatiable appetite for research, but in this case it was

essential that the 0rdnance Department obtain an operat ing device wi thin

a reasonable period of time. For example, there was always the temptation

to increase the capability of the ENIAC, hence, when mercury delay lines

came up for consideration as internal memory, Lt. Colonel Gillon, as the

responsible supervisor for the 0rdnance Department, insisted on the tried

and tested decade ring counters in spite of the inherently reduced storage
I

capacity.' In this way precious time for the development of the ENIAC

was not Jost. The ENIAC was constructed at the Hoore School component by

componenl, beginning with the cycling unit and an accunrulator in June 1944.

This was followed in rapid succession by the initiating unit and function

tabfes in September 1945, and the divider and square-root unit in 0ctober

?
'However, in view of the great promise of the mercury delay lines he ob-
tained authorization for a new and separate contract calling for a new
machlne, using these delay I ines. This machine,when completed, was the
EDVAC and will be discussed in the next chapter.



24

1945. Final assembly took place during the fall of 1945 and the ENIAC

was formally dedicated at the Hoore School of Electrical Engineering of

the University of Pennsylvania on l5 February 1946. Acceptance by the

Ordnance Department took place in July 1945.

Four years had elapsed since the original suggestion by Dr. John l,J.

Mauchly that an all-electronic computer be built which could rapidly per-

form the vast amount of calculations required for the solution of the

many complex problems facing the 0rdnance Department. All through 1946

the ENIAC remained at the Moore School, working out numerical solutions

to problems in such fields as atomic energy and ballistic traJectories.

In the winter of 1945-1947 the ENIAC was dismanteled at the l.loore

School of Electrical Engineering and the first units arrived at Aberdeen

Proving Ground, Maryland, in January 1947. By August of 1947 the ENIAC

became operational again. lt was the worldrs first electronic automatlc

cofiiputer and it not only opened up greater possibilities for advances ln

sclence and engineering but also started a new multi-billion dollar in-

dustry.

lJar circumstances had made it imperative to construct the ENIAC out

of conventional electronic circuits and elements with a minimum of re-

design. This fact, together with the requirements for capacity, speed,

and accuracy, led to an extremely large machine. lts 30 separate units,

plus povrer supply and forced air cooling, weighed over thirty tons and

occupied 1,800 square feet. lts 19,000 vacuum tubes (16 different types),
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l r5OO relays, and rnany thousands of reslstors, capacitors, and Inductors

consumed about 174 kl lovratts of electrical Pov{er.

The main part of ENIAC consisted of 42 panels arranged around three

sldes of a roorn. Each Panel was about 9 feet high, 2 teet wide, and I

foot thlck. Alr ducts at the top of all the panels were provided for

drawlng off the hot air around the tubes. There were also 5 portable

panels whlch could be rolled fron place to place.

ENIAC was the prototype from whlch most other modern comPuters

evqlved. tt embodied almost all of the components and concepts of later

hlgh-speed, storage and control devlces. The counters and accumulators of

the machlne, wlth more sophistlcated innovatlons, were made up of combln'

ations of these basic elements.

The varlous units were Interconnected through two sets of coaxlal

I Ines carried In rrtraysrr runnlng around the length of the machlne. One

set was called dlglt trays and was used for carrylng pulse groups rePre-

sentlng numerlcal data from one unlt to another. The other set was called

program trays and carried pulses controlling the sequence of operations

of the, different unlts and could be plugged Into the trays In accordance

wlth the set-up for any partlcular computation.

The machlne worked wlth numbers expressed In the declmal system and

could handle numbers of ten dlglts. The decimal system was chosen, In

splte of advantages of other systems, because of the famlllarlty of lts

use.
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The ENIAC could discriminate the sign of a number, cornpare guantitles

for equal ity, add, subtract, multiply, divide, and extract sguare roots.

A maximum of twenty l0-digit decimal numbers could be stored. The ac-

cumulators combined the functions of an adding machine and storage unit.

No central memory unit exlsted, storage being localized within the func-

tioning units of the computer.

The primary aim of the designers was to achieve speed by making

ENIAC as all-electronic as possible. The only mechanical elements in

the final product were actually external to the calculator itself. These

were an International Eusiness Hachines (lBM) Corporatlon card reader for

input, an IBM card punch for output, and the 1,500 associated relays. Ar

other design objective was to make the electronics slmple and reliable.

Thls goal was achieved by utilizing vacuum tubes in a minimum of basic

circult cornblnatlons" To ensure rel iable operation, clrcuits were con-

structed of rigldly tested standard components, which were operated at cup

rent, voltage, and power levels below thelr normal ratings. Accuracy of

computation was assured by designing the baslc circuits to work inde-

pendently of the variable tolerances of their cornponents. Numbers were

not represented by electrlcal quantitles which could be affected by changes

in tolerance, but only by the presence or absence of dynamic pulses.

Pulse groups representing the digits of a single number were transmltted

sirultaneously on different I ines, requiring eleven I ines In each dlglt
tray for the ten decimal dlgits and the sign.
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The gate, a circuit which would produce an output dependent upon a

specified input, performed the swltching or logical AND4 function. lt
consisted of a single pentode whlch had a control voltage applied to lts

suppressor grid. lts function was similar to that of a single pole switch

in that ltrropenedrr(i. e. passed a pulse pattern) when the suppressor

grid was posltive andrrclosedrrwhen the suppressor grld was negative.

The buffer, an isolating circuit used to avoid any reaction of a

driven circuit upon the corresponding drlvlng circult, contained two or

more tubes connected through a cormon load resistor to form a circuit wlth

the loglcal preperties of the word 0R.5 The grids of the tubes were nor-

mally blased at the cut-off point so that a posltlve Input to any tube In

the conbination produced a negative output.

The flip-flop clrcuit contained two triodes so connected that only

one would conduct at a given tlme. The bi-stable devlce had two Inputs

and two outputs. In the SET, or normal position, one side of the output

t{as positive, the other negative. In the RESET or abnormal positlon,

these polarities were reversed. Loglcally, the flip-flop performed the

functions of memory and that of a double pole, double throw switch. The

4
AND is a term pecul iar to computer engineerlng. lt

operator used to denote a process of logic whereby q
only if all Input conditions are met or are true.
(-0R ls a term pecullar to cootputer engineering. lt
operator used to denote a process of loglc whereby a
lf at least one of the Input conditions ls net or ls

is a mathematical
statement is true if

is a mathematical
statement is true
t rue.
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state of each flip-flop was indicated by a neon lamp on the front panel

of the computer units.

A group of ten flip-flops, (0-9), interconnected to count digit

pulses, formed a decade ring counter which was capable of adding and

storing numbers. The counter possessed the fol lowing characteristics:

l. At any one time only one flip-flop could be in the RESET state.

2. A pulse to the counter input reset the initial flip-flop in the

chain.

3, The circuit could be cleared so that a specific flip-flop was

ln the RESET position while the others remained in the SET position.

Each flip-flop of a counter was termed a stage, and reception of a

pulse at the input side advanced the counter by one stage. Information

reclrculated through the counter; i. e., the last stage was coupled to

the first. A variation of the basic counter circult, the PM (plus or

minus) counter, controlled the sign of a number in the accumulator.

Ten decade ring counters, one per decimal place, plus one PH counter,

formed the basic arithmetic and storage unit of ENIAC, and was called the

accumulator. The decade ring counters were equipped with ten transmis-

sion circuits so that when any ring passed the nine positions, a pulse

was passed to the next ring In the series. Input pulses reaching the

accumulator added t'o or subtracted from its contenrs.

The accumulator was an essential element in all of ENlACrs arithmetlc

operations. Additlon required two accumulators, one transferring lts con-
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tents to the other. Subtractlon, accomplished by a cornplement-and-add

process, also used two accumulators. In normal multipl lcation four ac-

cunrrulators stored the multiplier and multlplicand and accumulated the

partlal products. Inl dlvision they shifted the remainder and stored the

nurnerator, denoninator, and quotlent. The function table uti I ized the

accunxrlators for storage of the argument and accumulation of the function

va I ue.

ENIAC was a syncl'lronous system, operating under the control of pulses

'frorn a cycling unit. The pulses were emltted at l0-mlcrosecond intervals.

The over-all timing cycle or repetition rate was 200 microseconds, which

was the time required for one addition. Pulses were transmitted to all

units continuously and slrnrltaneously, and each computer operation took

an integral number of addition tlmes. For checking and trouble-shootlng

purposes, the cycl ing unit circuitry included provisions for operatlon

in a one-addition or one-pul5s-61-6-tlme mode.

The ENIAC was not originally designed as an internally-prograrmed

computer. The program was set up manually by varying switches and cable

connectlons. However, means for altering the program and repeating lts

i terarive steps were bul lt into the master prograrmer. 0i9it trays,

whlch were long racks of co-axial cables, carried the data from one func-

tioning unit to another. Program trays transferred instructions (1. e.

programs) in a slmilar manner. In purely repetitive calculatlons, the

baslc comput.ing sequence was set by hand. The master prograrmer auto-
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matically controlled repetition and changed the sequence as reguired.

The master programmer contained ten six-stage counters, each rout-

ing incoming program pulses over a field of six output channels. The

position of the counters was controlled by either the number of pulses

which had been supplied to the output channels or by the number of pul-

ses received at a special input terminal. ln this fashion the number

of sequences could be fixed in advance or made contingent on the results

of a computation.

Each functioning unit of ENIAC was eguipped with local program con-

trol circuits. These circuits contained switches which were set for the

function required. When the local program circuit was stimulated by a

program pulse, the unit performed the desired operation. After this was

completed a progran completion pulse was emitted, via the program tray

coaxial line, to the next unit in the operational seguence.

In addition to its cycl ing unit, twenty accumulators, and master

prograflner, ENIAC included an initiating unit, a high-speed multipl ier,

a divider, a sguare-root unit, and three portablefunction tables.

The initiating unit turned ENIAC on and off, cleared it, and initi-

ated cornputat ion.

The high-speed multipller dld its work in much the same fashion as a

human would. lt contained a bui lt-in multipl ication table capable of

rultiplying up ro 9 times 9. t'tultipl ication of the multipl icand by each

digit of the nu,rltipl ier took one addition time. The left and right hand
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figures of each product of a digit of the multiplicand and the multipller

were accumulated separately to form two partial products, which when

combined, formed the final product. The multiplication process for two

l0-digit numbers took 2.5 mi | | iseconds.

The divider and square-root unit worked by repeated subtraction and

addition, a time-consuming procedure which took an average of 25 milli-

seconds for a l0-digit number. The dlvisor was subtracted frorn the divl-

dend, and the sign of the partial remainder was tested after each step.

l'/hen the sign became negative, the remainder was shlfted up-scale and the

divisor was added until the sum became positive. An accumulator servlng

as a quotlent register kept a count of the numbers of addltions and sub-

tractions for the successive decimal places. Extraction of square root

vras a similar process.

The principal purpose of the function tables, which actually were

banks of switch-controlled resistcr matrices, was the storage of the arbF

trary functions called for by the problem. The switches selected one of

12 digits and two signs for each of the 104 values of an independent varF

able that were stored in each table. The functional simi larity betvreen

later cofliputers and the ENIAC is rather astounding when one considers the

time difference in their development.

The ENIAC was built prlmarily for integration of the equations of

external ballistlcs by a step-by-step process, but it was flexible enough

to be applled to a wide range of large-scale cofiiputatlons other than

numerical integration of differential equations.
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There were three ways of supplying the machine with information

(numbers or instructions). Numbers could be put into the machine by

means of punch cards fed into the Card Reader, panel 46, or by means of

switches on the Constant Transmitter, panels 37 to 39. Numbers or in-

structions could also be put into the ENIAC by means of the Function

Tablesr pon€ls 43 to 45, where there were dial switches which were set

by hand. Instructions could also go into the machine by setuing the

switches, and by plugging the inputs and outputs etc., of the wires or

I ines along which numbers and instructions traveled.

Information came out of the machine in two ways. Numbers came out

punched on cards by the Sunmary Punch, panel 47. They were then printed

in another room by means of a separate IBH tabulator. Numbers could also

be read out of the machine by means of the lights in the neon bulbs mount-

ed on each accumulator. These could be read when the panel was not corn-

put I ng.

ln applying the ENIAC to a particular computation it was first neces-

sary to break down the work into a number of basic computing sequences,

the orderlng of which was controlled by the master prograrmer. Next,

each seguence was broken down into the individual computing operations

of which it was composed. These were then carried out through the Inter-

connections of the arithmetical units of the machine.

In progranrning calculations other than for trajectories (for which

the machine was primarily designed) the chief drawback was the small nremory
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capacity lnto whlch numbers could be recorded and from which they could

be read autdnatically. This memory capacity consisted of the twenty

accurnulators, but four of these were used for multiplication and four

for division. Therefore no more than sixteen, and often fewer, would be

avallable for storlng Intermediate results. Thls capacity was adequate

for the original purpose of the machine but where other types of computa-

tlons were Involved their method of calculatlon was determined by this

memory capaci ty.

The machlne had an indefinitely large memory capacity in the form

of punched cards, but recording into and reading from this memory was

slow. Also, the attention of an operator was required in some cases to

transfer cards from the punch to the reader. The increased range of the

machine was thus obtained at the expense of speed and the fully automatic

character of its operation.

The first few years of use of the ENIAC at Aberdeen Proving Ground

were difficult ones for the operating and maintenance crews. The com-

puter represented the largest collection of interconnected electronic

circuitry then in existence, and its thousands of cqnponents had to

remain operational simultaneouslyo The result was a huge preventive

maintenance and testing program, which flnally led to some major modifl-

cations of the system.

operating experience with the ENIAC indicated that ninety percent

of the serv.ice Interruptions were caused by vacuum tube fallures. At the
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beglnning of 1950 a tube surveillance program was initiated whereby

tubes were life-tested and statistical data on the failures were com-

piled. All this led to methods of tube testing whlch were unlque at the

time. The information gained, on the other hand, led to many improvements

in vacuum tubes themselves. Procurement of large quantities of improved,

rel iable tubes, however, became a difficult problem because conventional

tubes were not ideal for use in computers.

An additional problem involving vacuum tubes was that of dissipating

the heat. This was a problem of major proportions and was never solved

for the ENIAC. Special air conditioning had not been provided and the

blower system was not adequate to dissipate the heat into the warm, humid

atmosphere. The result was a shortening of tube life which caused long

periods of inoperation. For example, the checking routlne alone took

about eight hours. Eventually modifications to the machine were made

which eliminated about 3,000 tubes.

As previously mentloned ENIAC original ly had not been designed as

an internally stored fixed program computer. Progranming new problems

meant weeks of checklng and set up time, since the ENIAC was designed as

a general-purpose cornputer with logical changes provided by plug-and-

Socket connections between accurulators, functlon tables, and input-out-

put units. However, the ENlACts primary area of appl ication was bal I is-

tlcs, mainly the dlfferential equations of motion. In view of this, the

ENIAC vras converted into an internally stored fixed-program computer when
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Dr. John von Neumann of the Instltute for Advanced Study at Princeton

suggested that code selection be made by means of switches so that cable

connections could remain fixed for most standard traJectory problems.

After that improvement considerable time was saved when problems were

changed.

The ENIAG perfornpd arithmetlc and transfer operations simul taneously.

Concurrent operation caused prograrming difficulties. A converter code

was devised to permit serial operat,ion. Each function table, as a Fe-

sult of these changes, became available for the storage of 500 two-deci-

mal diglt instructlons.

These revolutlonary modif ications', which were instal led early in

l9l{8, converted ENIAC Into a serial instruction executlon machine with

internal paral lel transfer of decimal Informat lon. The orlginal plugable

connections came to be regarded as permanent wirlng by most BRL personnel.

By 1950 it was realized that the conmercial source of electrical

pourer utilized by ENIAC was too unstable for rellable operation. Fluctua-

tions in voltage caused errors to occur in the machine and also loss of

information. Slnce the ENIAC was operating on a 24-hour per day basis

such interruptions were extremely undesi rable.

The problem was final ly solved by instal I ing a motor generator as a

source of pourer for the machine. The motor was supplied by the pourer llne

and In turn drove the generator which supplled the load to ENlAc. The

inertia of the motor took care of fluctuations In power line voltage and
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kept the power to ENIAC constant.

In l95l the converter code was revlsed by the addition of a faster-

access function table which increased the stored program capaclty of the

ENIAC. Previously all switches had to be set by hand. The new unit

utlllzed plugboards which could be pre-wired and slmply plugged in. This

reduced set up tinre for each new problem, increased the memory, and speed-

ed operat ions.

By July 1953 the final lmprovement had been made on the ENIAC. Thls

was the Static l'lagnetic Memory instal led by the Burroughs Corporation of

Philadelphia, Pennsylvania. By mid l95l the engineers at BRL had reallzed

the necessity of increasing the internal memory capacity of the ENIAC.

Aside frorn the twenty high-speed storage registers in the machine, all

other storage came from present switches or punched cards. The switches

could not be modified during the program and onsumed considerable time

for their initial setting. The punched cards were unduly slow for use

as a high-speed internal memory medium.

The Burroughs Corporation had been investigating the techniques of

using magnetic cores for circuits and storage elements and had dernonstrat-

ed them. Because of the experience gained in these investigations the

Burroughs Corporation was awarded the contract to design the Statlc Hag-

netic Memory for the ENlAc. lt r"ras to consist of 100 words of first
access time storage.

An important consideration in the design of the Hagnetic Hemory sys-
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tem yras the characteristics of the magnetic material used. The tech-

nlques for reproducing high-quality magnetic cores had not been fully

perfected and so the Hemory System was designed to operate reliably

wlth the qual ity of cores avai lable in quantlty production.

The design of the Hemory System itself had to take into consider-

ation the characteristics already built into the ENIAC. They were not

particularily adaptable to the new techniques that had been built up

since. the development and design of the ENIAC. The language problem was

of paramount importance. The ENIAC used a pulse-count code so that, to

represent a single decimal digit, ten signals were applied to a single

wire. Therefore, to store 100 words of l0 decimal digits, plus lts sign,

9100 bits of storage would be required. Economy dictated that code con-

verters should be used to translate the pulse-count code of the ENIAC to

a four-bit binary expression to represent a single decimal digit. This

code conversion reduced the number of storage bits from 9100 to 4100.

The address selection in the ENIAC was of a decimal code to select

one of the 100 words of storage in the mernory.

The problem was to develop a storage system, controlled by ENIAC, so

that any one of the 100 words could be selected to store or to extract

information on the cormand of ENIAC, and take less than one addition cycle.

The memory was to contaln its ouln power supply and necessary cooling ducts.

Emphasis was to be placed on reliability and accessibility to all elec-

tronlc and magnetic parts.
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The unit was designed and constructed by the Burroughs Corporation

and Installed for use. The interconnection between the Memory and ENIAC

was through 48 I ines. In addition to these signal I ines, provisions

were made for single-phase and three-phase power to the Memory.

During the period 1946 - 1955 trre ENIAc was oPerated successful ly

for a total of 80,223 hours of operation. lt performed about five thousand

arithmetic operations for each second of its useful life. ENIAC led the

compu.ter field through 1952 when it served as the main computation machine

for the solution of the scientific problems of the nation. lt surpassed

all other existing computers in solving problems involving a large number

of arithmetic operations. lt was the major instrument for the computation

of all ballistic tables for the U. S. Army and Air Force. In addition to

bal I istics, the ENlACrs field of appl ication included weather prediction,

atomic energy calculations, cosmic ray studies, thermal igni tion, random

number studies, wind tunnel design, and other scientific uses.

EOVAC and 0RDVAC6 Uott faster than El'llAC, l:egan to share the Comput-

ing Laboratoryrs workload with the ENIAC in 1953. lt became apparent al-

most inmediately that the ENIAC would have to be modified if it were to

remain cornpetitive, economical, and eff icient. Modif ications were there-

fore made on the ENIAC. In addition to the modifications previously men-

tioned there was a high-speecl electronic shifter, which reduced by 80

percent the time required for numerical shifting and eliminated numerous

tubes and program units. lt was installed early in 1952.

5subju",s of fol I owing chapters.
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In spite of modernizations, however, and the fact that trouble-free

operating time remained at about 100 hours per week, operating costs were

far above those of the other machines. The workload was gradually shlfted

to these other machines and at I l:45 Pl'l on 2 October 1955 ttre Povter to

ENIAC vras removed. The rapid progress of computer technology, spurred by

the ENIAC itself, had made the device obsoleteT

7
'See Appendix I for technical data.
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CHAPTER I I I

ED VAC

During the course of design and construction of the ENlAC it was

necessary to freeze its engineering design very early in order to meet

the urgent need for an operational computer. However, as the construci

tion proceeded it became increasingly obvious that i t was both pos-

sible and desirable to design a computer which would be much smaller

in size than the ENIAC and yet have greaEer flexibility and bet[er mathe-

matical performance. This conclusion was reached as a result of consid-

eration of the computing speed possible with electronic design, the oPer-

ating characteristics of the circuit elements required in electronic com-

puters, and the nature of the mathematical problems which can be solved

economical ly only by large scale, high-speed computers. The llal I istic

Research Laboratory at Aberdeen Proving Ground, f''laryland, became interest-

ed in this possibility and in late 1944 it was agreed that, as work on

the ENIAC permitted, the design and construction of such a machine should

be undertaken by che Moore School of Electrical Engineering under the

sponsorship of the Office, Chief of 0rdnance, U. S. Army.

The problem of computer design had attracted the attention of one of

the worldrs leading mathematicians, 0r. John von I'leumann, who was the

author of a report published on 30 June 1945 by the Moore School of

Electrical Engineering, University of Pennsylvania. This report, prepared

under the 0rdnance 0epartment contract for El,llAC, contained a specif ic

proposal for the design of "a very high speed automatic digital computing

system, and in particular with its logical controilt. I

lQuo,u from 0r. von Neumannrs report entitled, "First Draft of a Report on
the E0VACT'.
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0r. von l,leumann defined an automatic computing system as tra

device which can carry out instructions to perform calculations sf a

considerable order of cornplexity". He then stated that instructions

governing this operation must be glven to the device in absolutely ex-

haustive detail; that instructions must be given in some form the device

can sense; and that once these instructions are given to the device it

must be able to carry them out compl.etely and without any need for fur-

ther intel I igent human intervention.

In analysing the contemplated device Dr. von Neumann made five

distinctions:

l. Since the device is primarily a computer it will have to per-

form the elementary operations of arithmetic most frequently. Therefore

it should contain specialized organs for just these oPeratlons, i. e.

addition, subtraction, multipl ication and divislon.

2, The logical control of the device (i, e. proper seguencing of

its operations) can best be carried out by a central control organ.

3. A device which is to carry out long and complicated sequences

of operation must have a considerable memory capacity.

4. The device must have organs to transfer information from the

outside recording medium of the device into the central arithmetic part

and central control part, and the memory. These organs form its input.

5. The device must have organs to transfer information from the

central aritfunetic part and central control Part, and the memory into

the outside recording medium. These organs form its output.
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The group at rhe Un ivers i ty r'rF Pennsylvan ia was reconst ituted

to include Dr. John von Neumann, Dt. A. W. Bui'l:s, and Captain H.

Goldstine, as well as l4r. J. Ecitert and Dr. J. l'lauchly. Their efforts

eventually resulted in the design and construction of a computer along

the I ines suggested by Dr. von lleumann.

A progress report on Lhis machine was oublislred by the Hoore School

of Electrical Engineering in SepLember lltsl. lt covered a number of pos-

sible physical designs, all of which would rneet the general logical re-

quirements. This was followed early in l!46' by a conference attended by

Dean Harold Pender and Dr. lrven Travis of the Moore School, Colonel

Paul Gillon of 0C0, and Dr. John von Neumann of the Institute for Advanced

Study. lt was decided at Lhis conference that experience with a pilot

model of the new calculator was urgently needed in order to obtain in-

formation about coding problems and operating characteristics, which could

then be applied to the design of a very comprehensive calculating machine.

It therefore seemed expedient that the Moore School of Electrical Engin-

eering, University of Pennsylvania, should invnediately proceed with the

design and construction of a small preliminary model for lhe Ballistic

Research Laboratory, whi le the Institule for Advanced Study, Princeton,

should undertalie a study program leading to Lhe establishment of design

requirements for a large-scale comprehensive compuler.

0n l2 April 1945 Contract W-j6-034-0Ft,D-759i) was signed between the

Ordnance Departrnent and the Trustees of the University of Pennsylvania to

Prepare a preliminary nrodel of the machine. The original amount of money
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alloted was $100,000.00 and the final cost, after fifteen supplements

to the basic contract,was $41'7,C00.000. The basic contract stipulated

that, rrthe Contractor shall, as an independent Contractor and not as an

agent of the Government, design and develop a preliminary model of a

smal I E lect roni c D i screte Var i abl e Automat i c Cal cu I atorz (herei nafter

referred to as "EDVAC")that will demonstrate the feasibility of pro-

ducing subsequently an EDVAC having comprehensive properties envisioned

in the report entitled "Automatic High Speed Computing, University of

Pennsylvaniarr, prepared by the Contractor under its conIract No.

t/-670-0RD-4926., and shall construct and deliver to the Government f.o.b.,

Phifadelphia, Pennsylvania! on or before 30 June 1947, one (l) preliminary

model of said EDVAC."

In working out the prel iminary des.igns for this smal I EDVAC, Moore

School personnel worked in close cooperation with representatives of the

Ba | | i st i c Research Laboratory who were then operat i ng the EN lAC. Both

the Moore School and BRI personnel very naturally desired this small

EDVAC to be as comprehensive as possible and stlll meet the requirements

for small size and simplicity. In order to obtain a mutually agreeable

interpretation of the rerm 'rSmal I Preliminary Hodel of EDVAC'r, o con-

ference was held at. Aberdeen Proving Ground on 9 0ctober 1945, attended

by Dean Pender and Dr. Travis of the Moore School, Colonel G. F. Powell

and l'lr. s. Feltman of 0C0, colonel L. E. Simon of BRL, Dr. von Neumann

2The word
is more

calculator was used in the contract although the word computer
general ly used.



of lAS, Hr. H. Diamond of the l'lational

representatives of these activities.
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Bureau of Standards, and other

The Hoore School of Electrical Engineering presented three pos-

sible designs, briefly described as follows

EDVAC l. A very simple binary computer, with automatic addition,

subtraction and multipl ication, programmed division, and no internal

checl<ing. Hemory capac i ty of I ,000 words.

EDVAC ll. A simple binary coded decimal computer, with fixed

decimal point, all four basic arithmetic processes automatic, and auto-

matic checking in the computer. Memory capacity of 1,000 words.

EDVAC t I l. A more comprehensive machine, with automatic floating

decimal point, and all the automaIic features listed under EDVAC ll.

Memory capacity of 4,000 words.

It was decided in this conference that a binary3 machine based on

The EDVAC I design, but with aui:ornatic division and automatic checking,

was desirable. This machine was designated as the EDVAC 1.5. lt was

also decided that tlre t,lational []ureau of Standards would design and

JA binary machine is one that uses the binary system of notation. This
systern employs only [wo digits, 0 and l, in contrast to Lhe decimal sys-
tem which employs ten digits, O, l, 2, 3, 4, 5, 5, 7, B, and 9. The
binary system is useful in automatic computers not only because of the two-
state system of an electronic device (i. e. current on or dl), but also
because the circuits required to do arithmeLic are not too difficult to
design and react rapidly, hence arithmetic operations can be performed
at high rates. Counting in Lhe binary system is done by twos instead of
by tens as in the decimal system. For example the binary number l0ll sig-
nifies: I eight, plus O fours, plus I two, plus I one which is eleven and
expressed'as ll in the decimal system.
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supply the eguipment for preparing and prlnting from the magnetic

wire used in the Reader-Recorder of the EDVAC.

As the design of the EDVAC l.i progressed, further discussions

wlth BRL representatlves indicated the desirability of introducing cer-

tain additional orders, such as the rrExtractrr order, into the cod!ng

scheme. Since these changes, together with another change necessary to

give increased stability of the memoryr would have considerably lncreased

.the complexlty of the EDVAC, another conference was held at Aberdeen

Proving Ground on 27 l,tay 1947, in which two alternative proposals were

consldered. These were EDVAC l,5A and EDVAC 1.58, wlth and wlthout the

added coding flexibi I lty respectively. No final decision was reached

at thls conference, and 0r. R. F. Clippinger of the Ballistic Research

Laboratory at APG was appointed to consider the various possibilities

and submit a report. As a result of this report the EDVAC l.5B design

was approved with minor modificatlon.

The major features of this computer were the use of the binary

system of numeration, the serial arithmetic mode, the four-address cormand

structure, and dupl icate ci rcuitry for check purposes. This computer

dropped the use of the train of pulses to represent decimal digits in

favor of the binary system, whlch was much better suited to the two-

stateness of the electronic circuits. The deslgn features of EDVAC served

as a model for many later computers.

EDVAC was the flrst internally stored program conputer to be bullt,

a maJor lmprovement over the ENIAC. One of the maJor disadvantages of
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the ENIAC had been the fact that it required considerable human effort

to change to different programs. ENIAC was prograrned by setting switch-

es on function tables and by changing the wiring (wired programs).

The EDVAC was to be organized essential ly as fol lows:

I . Reader-Recorder. Thi s uni t would contain the three wi re

drives, associated servo-mechanisms, dffipl ifiers for the magnetic reading,

recording and erasing heads, and the equipment required to transfer in-

formation frorn rhe heads to the processing delay and vice versa.

2. Control. This unit would contain all operating buttons, indi-

cating lamps, control switches, and an oscilloscope for aid in maintenance.

The control sends special orders, set up on switches, ro the dispatcher

in order to start the machine, and may send words, set up on another set

of switches, to the high-speed memory.

(The Reader-Recorder and the Control are the only units containing

devices to be manipulated by the operator.)

3. Dispjrtcher. This unit would decode orders received from the

control and memory. lt would also emit control signals to the other

units, which need them to perform their functions. lts electrical delay

rnemory would retain the order while it is being performed.

4. Hiqh-Speed l,lemorv. This would consist of two identical units,

each containing 54 acoustic delay I ines and associated regeneration ci r-

cuits. Each line orrrtank,rwould have a capacity of 8 words. Each mem-

ory cabinet would also house three short tanks of one word capacity, which

would be used by the algebraic units. These tanks are used for temporary
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storage of the operands during arithmetic operattons. The cabinets

would contain, in addition, apparatus to decode the addresses received

frorn the dispatcher and select the memory position whose contents are

to be transferred out of the memory or to be replaced by incoming data.

5, Computer. This unir would perform the rational operations

(addition, subtraction, multipl ication, and division) on pairs of numbers

with signs received from the high-speed memory, and returntre result to

the memort at the appropriate time. The arithrnetic unit would be in dup-

I i cate and the answers cornpared, digi t for di gi t. Any di sagreement

would stop the machine and give an I'abnormal halt'r Indication.

6. Timer. This would emit clock pulses at intervals of I micro-

second, and timing pulses at intervals of 48 microseconds.

The National Bureau of Standards undertook to construct an input-

outPut systern for the EDVAC. lt consisted of modified teletype equipment

for inscribing key-boarded information to the magnetic wires, and for

outscribing information from the magnet ic wi res to automatical ly type-

written characters on rolls of ordinary paper.

After briefly covering the organization of EDVAC, the report then

dealt with design problems. These were of utmost importance in order

that all requirements could be met.

As mentioned previously, EDVAC was required to be much smaller than

the ENIAC and to have greater flexibility and better mathematical per-

formance. lt was assumed that its speed would be at least equal to that

of the ENIAC. Rel iabil ity was an obvious requirement and previous operat-
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ing experience with various computers indicated the need for emphasis

on design to achieve maximum reliability. Also needed was an adequate

checking system.

!n order to obtain lrigh ovenall speed in the solution of complex

mathematical problems, high functional speed had to be supplemented by

an adequately large high-speed memory. In late 1945 a mercury acoustic

delay memory had been built by the l.loore School of Electrical Engineering.

This device had operated stably and rel iably for long periods. Although

other types of memory gave promise of eventually becoming useful, it did

not appear, at that time, that any other type could become available for

inrnediate use. Therefore the mercury memory was selected for EDVAC.

The next question to be considered was the capacity of the memory.

In discussions of possible problems for digital compucers, requi rements

for a high-speed memory of as many as l0iO00 rords4 were encountered.

However, many problems could be handled with a memory of 1,000 words or

less. lt was shown that a mercury acoustic nrernory of 1,024 words would

require nearly the same amount of equipment as the rest of the computer.

A reduction in size to 512 words would result in a saving of only 25%

in size and cost, and would slow down the soluLion of many problems. 0n

the other hand, an increase to 2,048 words would increase the size and

cost by 50%, while this additional capacity would be required only by

a relatively smal I number of problems. Therefore a high-speed rnemory

capacity of 1,O24 was selected as the best compromise between the

ll4"*or6tr is,'in cornputing language, a combination of digits handled as
a unit by the machine.
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bemathematlcal requirement and the requirement that EDVAC should

much smaller than ENIAC.

In the construction of the memory device liquid delay lines were

used since this was s straightforward way to avoid interference from

transverse h,aves. Quartz transducers were used because of their sta-

bility and lour cost and because X-cut quartz crystals were well suited

to the production of cotnpresslonal waves in the liquid. 0f a large number

of liqulds considered, mercury was found to give the best acoustic match

with the quartz crystals and for this reason it was used.

There vrere some disadvantages with mercury, however. lt was dense

and expensive and lt was contaminated by most metals. Contamination in

the EDVAC was completely eliminated by the use of glass tubes with

tungsten electrodes. Weight and cost vrere reduced by use of tubes of

the smallest diameter consistent with gbod performance.

The temperature of the mercury tanks was stabilized by encloslng

the tanks in heavy extruded U-sections of Dow metal clamped to thick

vertical plates of the same material, mounted back to back with heating

elements between them. The temperature control system was designed to

maintain the temperature well within the desired limits. Thirty-two

long tanks were mounted on each plate. The entire assembly was enclosed

in a heat insulating case and a pair of coaxial leads was brought out

from each tank to lts associated recirculating chassis. This chassis waS

mounted outside the insulating case where it was cooled by circulation of

the venti lating ai r. Two of these assembl ies, mounted in separate cabinets,

were constructed for the EDVAC.
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Some consideration was given to the possibility of using a tem-

perature compensating device with each tank, instead of the system for

controlling the temperature of the assembly. This idea was attractive in

many ways but would have requi red considerable development. lt would

also have had the disadvantage of requi ring 128 individual controls,

as compared to the two controls required for the two-banl< stabilized

system which was actually used. In the former case the failure of any

one of the l28 controls could incapacitate the system.

As previously indicated, functional operation had to be fast enough

to give operational speeds comparable with the ENIAC, in spite of the

fact that the serid operation of the EDVAC would be inherently slower than

the parallel operation of rhe ENIAC. An upper limit to the operational

speed was set by the pulse repetition frequency. The frequency selected,

one megacycle per second, was determined primari ly by the characteristics

of the commercial ly avai lable vacuum tubes used in the machine.

In all of the circuit design, emphasis was placed on reliability,

simplicity, econony of vacuum tubes, and, to the limited extent practicable,

sl.andardization of circuits. Two circuils were built into plug-in units

for ease and speed in maintenance. These were the flip-flop and the

mercury memory ci rculating units. Crystal gating ci rcuits were exten-

sively used to decrease the number of tubes required. All available in-

formation indicated that the life of the germanium crystals, at the vol-

tages and currents used in the EDVAC, would be many times that of the

tubes5 they replaced,

)Experience with the ENIAC had demonstrated that for long I i Fe
operation, tubes should not be operated at average currents or
above half of the values for which they are normally rated.

and rel i able
di ss i pat ions
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Since the field of electronic digital computer design was new as

the EDVAC was being developed, it was impossible to set up hard and

fast rules of circuit deslgn. Such guiding principles as were estab-

I ished were subject to modiflcation as additional information became

avai lable. Nevertheless, certain guiding principles in ci rcui t design

brere establ ished and adhered to where possible.

A number of methods for checring the algebraic operations were con-

sidered, and, taking into account the mainlenance problem, it was con-

cluded that the most satisfactory nrethod was to build two identical

algebraic units, carry out all algebraic operations in both units simul-

taneously, and cornpare results at five points. Other checks were provided

in the order type selector and dispatcher for detecting forbidden orders,

pulses in switching blanks, and other coding and functional errors.

The problem of driving pulse lines.received a great deal of attention.

The rnethod used in che ENIAC (driving of lines by means of cathode fol-
lovers in.parallel) was unsuitable for use in the EDVAC because of the large

number of tubes required to drive certain heavily loaded lines. Two new

methods were devised. The first consisted of blocking oscillators for

low duty cycle lines and the second of a power pulse transforner driven

by tube banks for high duty cycle lines. These systems would require

only about one sixth as many tubes as the earlier circuits.

The use of magnefic wire as input and output medium for the EDVAC

was given consideration; hourever, the scheme never culminated in an

operat i ng iri re un i t .



The EDVAC was houseci in steel cabinets 85 inches high. ,"tlt,

except the memory units, the chassis are mounted vertically, with doors

front and back forready access to both sides of each chassis. This

arrangement simpl ified maintenance and was convenient for instal lation

of the vent i I at i ng system.

Relatively few manual controls were required, since they were used

only for starting and stopping the machine, examining the progress of

a calculation., modifying a routine, or checl<ing functional operation.

The input-output system was the result of col laboration between the

National Eureau of Standards, the Institute for Advanced Study, and the

Hoore School of Electrical Engineering. lt was designed by the Bureau of

Standards and uti I ized, insofar as possible, standard cormercial equip-

ment in its construction, particularly teletype equipment and standard

wi re recording components.

The system was dividen into two parts, the inscriber and the out-

scriber. The inscriber was used to translate the information prepared

by the prografimer into a code on the magnetic wire which served as an

input for the EDVAC. The outscriber printed the information, which the

output of EDVAC had placed on a magnetic wire, on paper for human use.

Two teletype keyboarding machines were used in the inscriber. The

first was called the preliminary perforator and was used to prepare a

preliminary I'chadless't paper tape by typing the progranmerrs instructions.

Chadless taPe was used in order that the character might be printed over

the perforations to assist in checking. This prel iminary tape was fed
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into a solenoid-operated tape reader, the output of which was fed

through the verifier to che perforator-printer, which would retype the

same code. The output of this machlne would then be fed back to the

verifier. lf the character agrees with the character on the tape it ls

punched on the verified tape, and the tape reader advances the prellmln-

ary tape to the next character. lf the two characters disagree, an In-

dlcator lamp llghts on the verifler panel and the perforato;-prlnter locks

,until the source of disagreement ls el lmlnated. Provislon was also made

to convert from the decimal into the binary notation.

As work under the contract progressed, it became necessary from

time to time to freeze logical planning and deslgn characterlstlcs In

order that the proJect should result in the conpletion of the EDVAC. lf
this were not done the result r.rould nerely have been the establ lshment

of the speclflcations and techniques then representatlve of the existing

state of the art. Certain design characteristics of the completed'machlne

represented the state of the art two years previous, others of one year

prevlous, whi le some were current characteristics. As often happens in

developtnent projects of this nature, the freezlng of design occurred later.

than had been antlclpated, partly because early design decislons had been

unsound and partly because it ls neven possible to prevent research-mind-

ed personnel from continuing to Incorporate deslrable lmprovements whlch

result in a better Instrument but are acco,mpanied by a later conpletlon

date. In the case of EDVAC a delay of about one year occurred, but the

machine poscessed e capabiltty far beyond that envlsloned in the prellmin-

ary report or In the contract and its supplements.
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The EDVAC was constructed at the l'loore School of Electrical En-

gineering and del ivered to the BRL CompuLing Laboratory at Aberdeen

Proving Ground in August 1949 for instal lation. After the instal lation

was completed there were two major engineering jobs to be done before

EDVAC cou I d become operat i ona I . These were :

l. The memory recirculate ampl ifiers had to be redesigned to provide

additional loop gain.

2. Input-outpur equipment had to be designed, constructed and instal-

led to provide a rneans of getting data into and out of the machine.

Although there were very few logical errors in the EDVAC in the

initial Cesign, it had more.han its share of marginal circuits which had

to be modified before it could become operational. These problerns were

solved in approximately eighteen months and the nrachine started io oper-

ate on a limited basis late in 195t. By earlV 1952 it was averaging l5-

20 hours of useful time per weel< for solving mathematical problems. By

l96l EDVAC was operating 145 hours out of a 168-hour week.

After the EDVAC was installed at APG there were three major engin-

eering problems to be sol ved.

The firsc problem was to redesign the mercury memory amplifier to

get better gain bandwidth product and to get better long-term stability.

The second problem was to go through every circuit of the machine

to el iminate marginal ci rcuits. Many hours were requi red to redesign

the gating and pulse arnplifier circuits.

The rhird problem was to design an input-output system for the EDVAC.

This resulted in the construction of a shift register for assembling
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asynchronous data from a paper tape reader, which was lnstalled as part

of the machine. Controls were instal led on other equipment for printing

data from the EDVAC onto paper rape and to employ a teletype writer.

0ver the past ten years several pieces of new equipment have been

added to the EDVAC to increase its flexibility and capabilities to solve

problems.

These were:

l. The IBM card input-output adapter unit, which was installed in

June 1953.

2. A magnetic drum which was installed in the latter part of 1954.

It provided an additional 4,508 words of medium-speed storage.

3. A built-in Floating Point Arithmetic Unit, which was added early

in 1958. This unit increased the operation speed of EDVAC by a factor

of l2 when working with floating point numbers.

4. A magnetic tape system which was added in late 1960 for addition-

al storage.

The appl ication of EDVAC at the Ball istic Research Laboratories are

as fol I ows :

l. Exterior bal I istics problems such as high altitude, solar and

lunar traJectories, cornputation for the preparation of firing tables, and

guidance control data for 0rdnance weapons, including free-flight and

guided missiles.

2. Interior bal I istics problems, incruding projectile, propel lant

and launcher behavior, e. g. physlcal characteristics of solld propellants,
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equllibrium composition and thermodynamlc ProPertles of rocket propel-

lants, computation of detonatlon waves for reflected shock waves, vlbra-

tion of gun barrels and the flow of fluids in porous rpdia.

3. Terminal ball istics problems, including nuclear, fragmentation

and penetration effects In such areas as explosion kinetics, shaped charge

behavior, ignition, and heat transfer.

4. Bal I i st ic measurement problems, including photograrmetric, lonos-

pherlc, and.damplng of satel I ite spin calculations, reduction of satel I ite

doppler tracking data, and cornputatlon of satellite orbital elements.

5. I'leapon systems evaluation problems, Including antiaircraf t and

antimissile evaluation, war gane problems, I inear progranrning for solu-

tion of Army logistlcal problems, probabi I ities of mine detonations, and

lethal area and kill probabilities of mine detonations, and lethal area

and ki | | probabi I ity studies of missi les.

The following paragraphs present a general descrlption of the way In

which EDVAC works. As already mentioned EDVAC is a synchronous automatical-

ly-sequenced serial binary electronic digital computer. The word serial

refers to the storage device wherein the digits of a stored number be-

come available one at a time.6 The machine has a high-speed memory of

|,024 words and a medium-speed memory of 4,508 words.

A word, in the.strictly electronic part of the EDVAC, consists of a

seguence of l+4 binary characters or diglts fol lovled by 4 blanks. A pulse

signifies I and the'absence of a pulse signifies !. The pulse positlons

oln 
" parallel system all the digits of a number become available simul-

taneously.
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are spaced at intervals of one microsecond and are about 0.3 micro-

seconds in duration. A complete word thus requires 48 microseconds to

pass a given point, and this interval of time is known as a minor cycle.

The high-speed memory consists of mercury delay lines with regenerat-

ing amplifiers. The lines are known as long tanks and each tank stores

eight words. A long tanl< is 384 microseconds in time length and this

interval is known as a major cycle. Eight minor cycles are required for

the contents of a long tank to Pass a given point in lhe circuit. The

entire memory consists of l28 long tanks.

In the case of a number the first binary character which emerges

wil I represent the sign (the presence of a pulse denotes rtminus'r), the

next is the least significant digit, and the last is the most significant

digit. The characters are arranged so 'Lhat increasing time corresponds

to the direction right to lefE in written notation. The decimal point

in a number is normally interpreLed to be at the exrreme left, since the

mulciplication and division operalions were designed in such a vray as to

make this the simplesc interpretation.

lf the word represents an instruction, the first four digits (in

time) determine what the instruction is, that is, whether the operation

to be performed is addition, subtraction, mul ripl ication etc., whi le the

remaining forty digi ts represent four 'raddressesrr in the high-speed mem-

ory. Ten binary characters are necessary and sufflcient to specify a

position in the high-speed memory.

The EDVAC is a 4-address machine and the four addresses are used to

specify the locations of the numbers to be operated upon, where to store
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the results of Lhe operation, and where to find Lhe next insLruction

in the sequence of operations.

The EDVAC memory system consists of l28 long lanks, S short tanks,

associated ampl i fiers and control equi pment. The ci rcui ts are so ar-

ranged that a word may be handled as fol lows:

l. Read into a given memory position.

2. Allowed to circulate

3. Withdrawn from a memory and restored by means of an external

path.

4. tJithdrawn and not restored.

The memory system is divided into

concaining i ts own heater and controls.

split into cwo sections, an upper and a

cont rol I ed by a therrnostat to hol d the .

.ot c.

two banl<s, lef t and r ight , each

The mercury tank heaters are

I ower sect i on. Each sect i on i s

temperature at 5OoC ptus or minus

for EDVAC is as follows:

864 mi croseconds

864 mi croseconds

695 nicroseconds

696 nicroseconds

2B8O mi croseconds

2928 mi croseconds

2928 microseconds

2928 nicroseconds

The average operating time per instruction

l. Addition

2. Subt ract i on

3. Compare

4. Ext ract

5. Multiply and round off

6" Divide and round off

7. Hultiply exact

B. 0i vi de exact



59

9. Floating point add

10. Floating point subtract

ll. Floating point multiply

12. Floating point divide

960 mi croseconds

960 ml croseconds

| 248 mi croseconds

2352 nicroseconds

Normal operation of the EDVAC proceeds in the follovling rnanner.

Tl:e operator will take a program deck of IBH cards and load these into

the lBl't card reader. A special order to read the lBl'l cards wi ll then be

set up on the control switches. Anorher switch is set to direct the con-

trol to read this special order. The initiate button is then depressed,

causing the special order to be sent to the dispatchers where it is acted

upon and the information on the cards is read into the high-speed memory.

The switch is then set to a continuous mode. The machine starts and con-

tinues to operate until a prograrmed halt is reached. Audible and visual

signals inform the operator all-well during a run and audible and visual

signals are given when the machine ceases cornputing. The operator then

removes the cards which have recorded the results. The cards are placed

I n a tabul ator whi ch pr i nts the resu I ts.

An examination of one type of problem solved by E0VAC, the prePara-

tion of a firing table, will give sorn idea of the capability of this

computer. The basic problem in the preparatlon of a firing table is that

of conputing the traJectory of a projectile by solving a system of dif-

ferential equations. This system of equations is dependent on the weapon

system under conslderatlon, and often, as in the case of a rocket during
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its powered flight, must be conplex enough to account for the fact that

the proJectile is a rigid body acted on by several forces and moments.

In the past, the equations of motion were solved by nunerical in-

tegratlon using a desk calculating machine. For the preparation of a

firing table, therefore, a relatively smal I number of trajectories was

computed at finite intervals of some parameters and intermediate values

were obtained by interpolation over rather large intervals.

Ilith the advent of the high-speed cornputers came the possibility of

computing as many trajectories as desired and, consequently, of providing

firing tables limited in detail only by the desires of the using combat

arm or technical service. lt is interesting to note that the computatlon

of a trajectory for a convenl.ional artillery projectile was done in ihe

past with a desk calculator in about four hours and that the same compu-

tation would require about 30 seconds on either the ENIAC or EDVAC and

about l0 seconds on the ORDVAC. Furthermore, and of greater importance,

it was nor^, possible to escape the necessity of using many of the approxi-

mations that were used in the past. For example, the EDVAC can solve the

complex system of equations for a rocket during powered flight in about

3 minutes for each second of fllght time. In the past this problem was

treated by using some gross approximations which resulted in poor des-

cri pt ions of the rocket fl i ght.

The introduction of high-speed. cornputers has increased the accuracy

and volume of computational capabilities to the level that is required to

suPPort che f iring table mission, a level that is almost beyond cornpre-.
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hension on the basis of its being done by desk calculators.

EDVAC operates on a 24-hour daily schedule, 7 days per week. A

series of tests are run at the start of each B-hour shift to check the

machine and its auxilliary equipment. Approximately l2 hours per week

are spent in testing the EDVAC for proper operation and checking out im-

provements, and the remaining time is used for code checking and problem

solving.

The EDVAC operating efficiency has steadily increased over the past

several years. The average running time per week during 1960 was 145

hours. Over a period of nine years EDVAC increased its efficiency frorn

15-20 hours to 145 hours per week. By 196l it appeared, however, that

its operating efficiency had almost reached its maximum.

By the end of lglel EDVAC was still in operation and was expected to

continue operating for ac least one yeai after the BRLESCT would begin

full operation. After ten years of operation EDVAC was still in use be-

cause of its great reliability and productivity, its low operating cost,

its high operating efficiency, and its speed and flexibility in solving

certain types of problems required by the Ballistic Research Laboratorles.

TgnLeSC, the flrst electronic compurer fully designed and developed by the
late l95l .

EDVAC.

BRL, was e4pected to be operational by

SSee Appendix ll for technical data of
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CHAPTER IV

ORDVAC

0RDVAC (lrdnance lariable Automatic Compur.er) belongs to the group

of cornputers whose basic logic was developed by the lnstitute for Advanced

Study at Pr'rrceton, New Jersey and utilized in a prototype computer de-

veloped at the Institute. This OROVAC family of computers includes such

machlnes as the lLLlAC,ORACLE, AVIDAC, t'lANlAC, J0HNNIAC, MISTIC and

I
CYCLO.NE

0RDVAC was constructed by the University of lllinois for the Ballis-

tic Research Laboratories at Aberdeen Proving Ground, under a contract

frorn the 0rdnance Department. The contract number was, l,Jll-022-0RD-11362--

RAD 0RDTB 9-10675--0RD PROJ TB3-0007J--negotiated under ASPR 3-205. The

contracting agency was the Chicago Ordnance District and the period of

the contract was l5 April 1949 to 31 October 1951.

Through arrangements made by Dean L. N. Ridenour, the universlty of

lllinois began construction of ORDVAC about l5 April 1949. The efforts

of many individuals went into the construction of the machine. The

University of lllinols received the cooperation of members of the staff

of the Ballistic Research Laboratories in the procurement of materials

and the assignment of members of the staff of BRL during the final phases

I

ILLIAC - lllinois Automatlc Computer
0RACLE - Oak Ridge Automatic Conrputer and Logical Engine
AyIDAC - Argonne Version of the Instituters 0igital Automatic Conputer
MANIAc' l'lathematical Analyzer Numerical Integiator and computer
J0HNNIAC - John (v. Neumann) Integrator and Automatic cornputer
l,tlSTlC - l.lichigan State Digital Cornputer
cYcL0NE - (an arbitrary name Indicaiing high speed) lowa stare u.
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of construction. These BRL staff members were: Dr. P. H. Kintner,

l{r. G. H. Leichner, and Mr. C. R. Uri I liams. In addition, Dr' L' A'

Delsasso and DF. R. F. Clippinger followed the work from lts inception.

The logical structure of QRDVAC was Patterned after a machine

described in the 28 June l!45 report,'rPreliminary Consideration of the

Logical Design of an Electronic Computing Instrument" by Burks, Goldstine

and von Neumann of the Institute for Advanced Study. The Unlversity of

, | | | inols received helpful information and suggestions arising from dis-

cussions with tlr. J. H. Bigelotr, Captain H. H. Goldstine and l'lr. J. H'

pomerene of the Institute for Advanced Study, especially during the early

period of construction of the 0RDVAG. Also, drawings Pertaining to the

arithmetfc unit and memory of the machine at the Instltute for Advanced

Study were furnished to the University of lllinois and some Parts of

these drawings, such as the registers' vrere copled for the ORDVAC.

It was first planned to bulld ORDVAC from circuit drawings obtained

frorn the Institute for Advanced Study, but this intention was later changed

and most of oRDVAC vras constructed from circuits designed at the Universlty

of lllinciis. The fundamental flipflop, gating and cathode follower clrcuits,

as employed at the Institute for Advanced Study, were used however. The

registers, conplement gate and clear drlvers were copled from the machine

developed at the Institute for Advanced Study and the teletype units were

of the klnd developed at the'Natlbnal Bureau of Standards for the Instltute

for Advanced Study. Except for these, hovrever, resPonslblllty for the

deslgn of 0f,DVAC rested wlth the University of llllnols.
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SRDVAC was provisionally accepted by the Ballistic Research Labora-

tories on the basis of tests conducted betwecn 15-25 November l95l at

the University of | | | inois. The machine was dismantled beginning | |

February 1952 and shipped to the BRL on 15 February 1952. During

5-6 Harch 1952 it successfully performed t-he three final acceptance

tests. These were: (a) the operation of the'rfinal restrr routine for

twenty hours uiith one error; (b) the operation of a memoryrrread-aroundrl

test routine requiring that the memory could be consulted ten times at

each of its addresses wichout causing a failure at any other address

(ttris was repeated five times)i and (c) the operation of a memory flaw

test for thirty minutes wichouI an indication of a failure.

The machlne was moved to the Ball istic Research Laboratories under

contract: DA-ll-022-0RD-680; SUB-RAD 52-56; ORDTB 2-1002; project T83-

0007. The cost of the basic system was apProximately $600,000.

The worl< at the University of lll inois was administered chief ly by

an executive committee of the Computer Sub-committee of the Universlty

Research Board. This comnlttee consisted of Professor N. H. flewmark,

Professor A. H. Taub, Professor R. E. Heagher and Professor J. P. Nash.

The machine was designed to solve the following types of problems:

l. Exterior bal I istics problems such as hlgh altitudes, solar

and lunar trajectories, computation for t.he preparation of firing tables

and guidance control data for 0rdnance weapons, including free flight

and guided missiles.

2. ' lnterior bal I i st i c problems, including projectl le, ProPel lant

and launcher behavior, e.g. physlcal characteristics of sol id propel lants,

equi I ibriurn composition'and thermodynamic properties of rocket pror
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pellants, computation of detonation waves for reflected shock waves,

vlbration of gun barrels and the flow of fluids in porous medla.

3. Terminal bal I istic problems, includlng nuclear, fragmentatlon

and penetration effects in such areas as explosion l<inetics, shaped

charge behavior, ignitlon, and heat transfer.

4. Bal l istic measuremenr problems such as photogranmetric, ionos-

pheric, and damping of satelllre spin calculations, reductlon of satelllte

doppler tracking data, and computatlon of satel I iue orbital elements.

5. Weapons systems evaluation problems, such as antiaircraft and anti-

missile evaluation, war game problems, I inear prograrnming for solution

of Army logistical problems, probabil ities of mine detonations, and lethal

area and kill probabilities of mine detonations, and lethal area and kill

probabi I i ty stud i es of mi ss i I es .

0RDVAC ls a general purpose computer. capable of carrying out indi-

vidual arl thmetic operat ions at high speed. lt operates in the binary

number system in a parallel asynchronous manner, and originally used an

electrostatic memory. Data was original ly put into the machine by punch-

ed teletype tape, later by punched cards. Data ls obtained from the

machine on punched cardsr E t€letype page printer, or punched teletype

tape.

The part of ORDVAC capable of carrying out arithmetic operations on

numbers supplled to ir is called the arithmetic unit. lt consists of

three registers (two of them double registers), which are essentially

storage units for holding the operands involved in arithmetlc operatlons,
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a parallel 4O-Uinary digit adder, and other subsidiary units such as

the complement gace which provldes the complement of the number is one

of the reg i sters.

The registers of the arithmetic unit correspond to the l<eyboard and

dials on Lhe common desk calcula[or. They hold lhe operands while the

operations of arithmetic talce place, and they present the results of these

operations. The basic components of the registers are the fl ipflop and

t he gate.

0RDVAC is a paral lel machine, that is,operatiqrs are perf ormed s imul-

taneously on all the digits of an instruction or lnformation word. For

example, when a 40-aigit number is transferred frorn the memory into a

register of the arithmetic unit, al I digits are transferred simultaneously.

Slmi larly, when a number ln tt3 (one of the registers) is added to a number

in the accumulator, the steps in thls process are carried out on all the

d lg I ts at uhe sarne t ime.

Although ORDVAC may use several number systems, the basic one is

the binary or base-two system. This system is convenient because it

requires only the two digits 0 and I for number representation and there-

fore flipflops or any other two-state devices can be efficiently used.

Moreover, the logical structure of the nrachine is based upon a two-state

logic (where all decisions are of the yes-no type), so that an over-all

consistency is obtained.

Many operational econornies can be reallzed wlth the binary system,

and the dis'advantages inherent in an unfamiliar system can be overcome
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by requiring the machine to make all of the necessary conversions to

and f rorn more fami I iar systems, such as the decimal system.

The ORDVACTs new arithmetic unit has a fixed polnt number system

and handles numbers in the range -l to +1. lt can be Programmed for any

number system, but the f ixed polnt syst,em requires a simpler control . The

cholce of the range -l to +l is dictated by the fact that the product of

two numbers in this range is likewise in range.

The new arithmetic unit has an add time of 14 microseconds, a tnultiply

time of 700 microseconds, and a divide time of 700 microseconds. All of

the arithmetic operations of ORDVAC are automatic in the sense that a

single order is required for each one and the sequencing is then automatical-

ly prograrmed.

One of the principal components of any autonatic cornputing machine is

the control. The 0RDVAC control consists of sorne 500 vacuum tuUes located

in thirty chassis. Most of these chassis are quite well localized, but a

f ew, notably those associated wi th the end connections r or"e scattered

through the arithmetic unit.

It is the function of the control to carry out the indivldual oper-

ations necessary for executing the orders which the progranner has com-

bined into a routine for solving a problem. uecause sorne of the orders

require complicated sequencing and because there is a considerable varlety

of orders, the control is a highly interconnected component with very

little duplication of circuits. These clrcuits are primarily comblnations

of four kinds of logical elements:

| . The fl i pflop.

2. The'rand'r clrcuit.
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3. The rrorrr circuit.

4. the rtnotrr ci rcu it.

The flipflop is a device lvhich can indicate one or the other of two

states and which can be changed from one state to the other. The two

states can be indicated in any of a number of different rvays such as,

'rplus" or'tminus'r,rryesrrorrrnor'r "on'r or'roffr'. In the ORDVAC the names

given to these states are "zero" and ilone'r.

The other thrce logical elements perform functions which are quite

well described by their names. The rrandrr circuit has two inputs and one

output which will have a signal on it if, and onlyif, there is a signal

on each of tlre inputs. The rrorrr circuit is similar except that there wi I I

be a signal on the output if there is a signal on either one or both of

the inputs. The rrnotrr circuit has a signal on its output if there is no

signal on the input and no signal on the output if there is a signal on

the input.

The state of the machine at any time rnay be defined by the state of

the flipflops in the machine, lt is the function of the control to de-

termine the state of 0ltDVAC and to change this state in accordance with

the instructions provided to 0RDVAC via the input and the memory.

The control operates by withdrawing instructions and numbers from

the memory. In general it can be saicl that the control alternates the

Process of withdrawing pairs of instructions with the process of execut-

ing them. Most of the worl< of the control ls done betwen references r,o

the memoryJ For exarnple, all of the operations of arithynetic are handled
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by the control. Thus in multiplication, a number of steps must be

carried out betvreen the time the multiply instruction and the multi-

plicand come out oF the memory and the time the product is put back into

the memory.

The memory unit originally used in the 0RDVAC was of the t/illiams-

type, in which information is stored as a potential distribution on the

phosphor surface of a cathode ray tube.

Storage of information on the phosphor must be accomplished for

periods much longer than one-tenth of a second, which is the longest

safe time oermitted on the cathode ray tube surface. This storage is

accomplished by 'rregeneration'r. ln the. 0fl0VAC memory faci I ities are pro-

vided so that when the memory is not in use for arithmetic operations a

test is made of each spot of the memory, in order, and each spot is regen-

erated by appropriately turning the beam on or off so that atrfair'r dot

is regenerated into a "goodt'dash. tiy this scheme it is possible to hold

inforrnation in the memory for indef inate pcriods of t ime.

In order to use DFIDVAC effectively in any computation its memory

must be fully or partially filled beforc the problem begins. This is

accomplished by the part of the rnachine called the input. lt original-

ly used teletype tape, previously prepared by an operator using tape

Preparation equipment. fIRDVAC was capable of control I ing the operation

of its input in that it can determine when to read information from the

tape. The input of ORDVAC wis capable of filling the entire memory in

38 minutes by the relatively slow mechanical paper tape reader.
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The input-output equipment consists of teletypwriter units to-

gether with those circuits of the computer used in performing the two

i nst ruct i ons i nput and pr i nt .

The input instruction takes 40 binary digits from l0 successive

rows of a tape that has been previously punched with 4 binary digits

per row, and puts them in order in the register R1.

The print instruction prints one word oria sheet of paper as ten

sexadecimal digits. These are formed by taking the 40 binary digits in

register R2, four at a time, beginning with the sign digit, and printing

a corresponding base lf: symbol.

Teletype tape was also punched by 0t'iDVAC, when it was desirable to have

the output on tape. The equipment used for output was, in some part, the

sante as that used for the input.

During the period from l0l.tarch 1952 to 2 0ctober 1953 0RDVAC was

avai lable for computation a total of 8,410. lB hours. The total engin-

eerlng time was 4,189.17 hours, and the remaining 1,104.65 hours composed

standby time. Standby time includes all the time during which no attempt

is made to operate or service the machine.

During the earlier periods of operation there had been a consider-

able amount of standby time. The lacl< of sufficiently trained personnel

and the lack of programs did not make it desirable to maintain the machine

over the weekends. As more programs were completed, however, and the

machiners load increased, it was soon learned that operating the ORDVAC

without lnterruption reduced the number of troubles encountered on Mon.
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day morning and enabled it to be made available for use at an earlier

time. Uy 1954 standby time averaged lJ.!4 hours per week.

0etween llarch 1952 and 0ctober 1953 an average of 37.17 hoursper

week was spent on code checking, 38,29 hours per week on production, and

23.03 hours per week was classified as idle time. The title'rldle tlmerl

was not intended to indicate that the machine was not in use during that

time. lt was made to continually run a test called Leap lll, but was

available for other use at any time. Should the Leap lll routine fall,

the fol lowing time was inrnediately classified as unscheduled engineering

until the cause of the error was corrected, and the routine successfully

operated for fifteen minutes.

The normal operating schedule of 0RDVAC included three periods each

day during which the performance of the machine was checked. The period

0800 to 1000 hours ttas set aside for engineering purposes. At this tlme

small changes and improvements could be made, troubles that may have de-

veloped during the night shifts cleared, and finally the machine could

be tested by various self-checking programs. Tests were again made at

the concluslon of each working day and at midnight. Upon the successful

conclusion of the tests the ORDVAC was released to the mathematicians

who used lt during the day. 0n the night shifts most of the production

work was performed by two technicians per shift who were ln charge of

the machine. They were not expected to understand the programs that

were run, but fol lovred expl icit instructions left by the mathematlcians.

This system worked quite well and when a coder arrived at the Laboratory
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In the mornlng he usually found that hls Program had been completed.

Durlng this perlod (1952-53, about thirty different problems were

placed on the ORDVAC In the course of a single average week. Ballistlc

computations, such as firing and bornbing tables and traJectorles for

guided misslles and rockets, formed forty Percent of the work done by

oRDVAC. Vulnerabillty computations and data reductions formed twenty-

flve percent and twenty percent respectively. Research problems formed

ten percent and systems tests formed five percent of the work.

Three classes of tests were used to test the units of 0RDVAC. A

read-around-ratio test was used for checking the memoryr an inPut-outPut

test was used to test the teletype and card handling equipment, and the

Leap lll test was used to test the arithmetic and control section and to

give a further check on the memory.

' 0RDVAC was used as much as possibl.e to test ltself by a highly re-

petitive use of lts conrponents. In thls way marginal and intermittent

errors could be detected that would otherwise not have been found. The

usual memory errors were not too difficult to repair. The cause of

arlthmetic errors were harder to detect since their effect might propagate.

Intermittent failures were especially troublesome if the error frequency

was low. In this case an attempt would be made to increase the error rate

by special routines whlch would straln the clrcuits'to their llmit, by

vibrating the circult components, by varying filament or supply voltages,

or by a comblnatlon of the above.



73

When 0RDVAC was dellvered to the Balllstlc Research Laboratories

Its Input device was a standard-speed flve hole teletype tape reader and

Its output a teletype page printer. l'lith thls equipment, the tlme neces-

sary to load the entlre memory of 11024 addresses was 38 minutes. The

tlnre requlred to prlnt the contents of the entire memory was the same.

It was soon reallzed, however, that a change was necessary in the lnput

In order to speed up the operation of the computer. Withln a few weeks

after 0RDVAC was placed in operatlon a control circult had been deslgned

and bullt for a modified tape reader which allowed Information to be read

into the machine at flve times the previous rate. The rrcmory could now

be fllled in 7.5 minutes. Thls unit performed exceptlonally well but

Input and output still remained the bottleneck to more efflclent use of

the machine.

The most important change in input-output was the addltlon of card

handllng equipment. Thls was desirable, especially since the ENIAC al-

ready used punched cards and such a systern was soon to be developed for

the EDVAC. There were two possible systems to be considered. The flrst
bras an external system in which information punched on cards was to be

automatically converted to its binary equivalent by external apparatus.

The second was an internal converslon system based on utlllzlng the

ORDVAC itself to accomplish the necessary transformatlon. The second

method was chosen.

The advantages of the internal system lay In the ellmlnatlon of the

necessity f,or extenslve addltional equlpment and the achievement of
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maxlmum reliabillty through the use of establlshed machine operatlons.

The greatest disadvantage of the Internal system was that a slgnificant

portlon of the memory capaclty was conmitted to the decimal-to-binary

conversion program. The space required for both lnput and output con-

versions amounted to 200 words or approximately one-fifth of the memory.

Later improvements of the memory made it posslble to further reduce the

size of the program, however.

The system was based on double register gating In which the entire

BO-column output could be gated to or from the ORDVAC simultaneously.

An electronic control circuit, actuated by signals generated in the card

punch or card reader, allowed the contents of the ORDVAC registers to be

stored In the memory or changed between each row of a card.

This system proved qulte reliable and was preferred over tape by

the mathematlcians. The usual practice.was to first prepare a program

on tape and inmediately transcribe it to cards with a special routine that

would automatically read frorn the tape and punch twenty-four words per

card in binary form.

The electrostatic memory had always been the most troublesome unlt of

ORDVAC. Prior to June 1953 tfre memory operated rather consistently at

a read-around-ratio of l0 to 16. A restriction of l0 placed on the coders

resulted in slower routines or routines that occupied a larger portion of

the memory. In addi t ion to read-around-rat io-dl fficul t les there exi st-

ed the problem of obtaining cathode-ray tubes whose screens were free of

lmpurltles., Cathode-ray tubes, type 3Kpl, were used for storage. Approxi-
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fllately 25% of those tested h,ere acceptable, most reJections having

been due to lmpurlties whlch could cause lmproper storage. Up to

i,lay 1953 approxlmately slxty cathode-ray tubes had been removed from the

machine for various reasons. About two-thirds of the total number were

removed because of the impurities in their screens. Five were removed

without proper cause, and the remaining tubes were removed because voltage

adJustments would no longer hold the read-around-ratio of those tubes

above 10. No cathode-ray tubes burned out under normal operatlng condi-

tlons, although five were deliberately burned out rrh"n subJected to ab-

normal conditions.

In Hay t953 lt was learned that th'e Unlversity of lllinois was ob-

tainlng lmproved read-around by using a three-dot system. In this system

two dots represent a one and three dots represent a zero. The fi rst and

thlrd dots occur at the same location. 'ORDVAC was changed from a two-

dot system about I June 1953. Conslderable difficulty was encountered

with the sensing pulse, and in order to strengthen lt sufficiently so

that its magnitude would not vary with the number of zeros sensed, it was

necessary to incorporate a pulse transformer into the circult. The new

sygtem caused the read-around-ratio to be lncreasbd by a factor of three

so that lt was tlen.varylng between 32 and 48.

In an attempt to further lmprove the relfablllty of the electrostatlc

msnory, a number of cathode-.ray tubes of type C733769, under developrnent

by RCA, were obtalned and lnstal led In the 0RDVAG. By 1954 they had been

In the ORDVAC for 11500 hor,rrs'and had opcrated satlsfactorlly. The read-
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around-ratio increased to 80 and the flaw problem no longer existed

slnce these tubes were virtually free of flaws.

The greatest dlfficulty experlenced with the new tubes was due to

thei r centering characterlstlcs. Upon instal lation, a large number of

tubes had to be inmediately removed, because extremltles of the 1,024-spot

raster projected beyond the useful surface of the screens. Ten tubes

were removed for this reason. The OROVAC, like most machines using elec-

trostatic memories, operated lts cathode-ray tubes In a parallel manner,

so that any positioning of the raster which is beneficial to one tube

might render other tubes completely useless.

A test was made on the centering of 40 cathode-ray tubes of type

C733768 and, for comparison,on 40 tubes of type 3KPl chosen at random.

Results Indicated that the experimental tubes were somewhat inferior in

thls respect.

In September 1952, a tube removal prograrn was inltiated as one part

of a preventlve maintenance program. Since all of the troubles encounter-

ed had been the result of shorted or low emission tubes, lt was believed

thatsuch a program would be helpful in ellminating a potential source of

trouble. Blocks of tubes were removed at two-week lntervals and were re-

placed by new ones. The locatlon and number of tubes In a given block de-

pended upon the area in which the most frequent troubles had been occur-

ring. The number usual ly varled from 50 to 100. By 1954 ORDVAC had oper-

ated about 18,000 hours, and virtually all of lts 3,000 tubes had been

replaced at, least once. The effect of the system of changlng tubes by
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blocks was felt almost lnnnediately and it was believed to be an lmport-

ant factor In the gradual increasg of available time of machlne operatlon.

t.1hile tube failures constltuted the maJor cause of trouble in the

ORDVAC, bad solder connections also were a cause of trouble. In one

case a great many adder failures rrere el iminated by the discovery of a

wlring error which had caused 200 volts to be applied between the heater

and cathode of 50 tubes. Such errors were difficult to eliminate except

through continued use of the machine.

Dust or dlrt in the machine was also a problem. In almost any instal-

lation sorne dirt is certain to enter the coollng system regardless of any

elaborate filtering that may be used. Sinrply exposlng the components for

necessary maintenance will allor a great deal of dust to enter a system.

A cornputer using an electrostatic memory i, "rp."ially susceptible to

dust unless lt ls elaborately protectedr. because the hlgh-voltage wlring

forms a flne precipitator. This has been one of the great sources of

trouble in the ORDVAC, not in the sense of actual occurrence of trouble,

but ln the sense of prevention of damage that mlght be done.

During the surmer of 1952 sufficlent dust had collected on the wir-

Ing so that the 2,000 volts arced to ground In a number of places. The

damage included several clamping tubes that were exploded, at least slx

memory chassis that had to be replaced, and flve cathode-ray tubes that were

burned out. The arcing was elimlnated by floatlng the hlgh voltage sys-

tern and supplylng it with varlable voltage, with high lnternal lmpedance.

The arcs we:;e both vislble and audlble In a darkened room and they were
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ellminated by cleaning and separatlng the wires where posslble.

It ls interesting to note that oRDVAC can be remotely controlled

from cormercial teletype units. Thls was actually used to solve pro-

blems for the University of lllinois. The University would send o pro-

gram through regular teletype channels. lt would then be placed in the

ORDVAC after insuring that it had been received correctly. Answers were

obtained on tape and returned to the University by mail or by the tele-

type channels. Thus the OROVAC is available to any laboratory in the

country having the necessary coding staff.

In July 1955 a 10,032-word magnetic drum was added to the 0RDVAC

memory systern. The drum operates in a serlal manner, that ls, one blt

at a time is transferred to or fr.om the machlne. The tlme requlred for

the transfer of 48 words to or from the drum is from 50 to 70 mllliseconds.

lJhen the magnetlc drum was first installed track selectlon was made

wlth relays, but these have since been replaced by a translstor track

selector. Track selectlon time was reduced fron 25 mi I I lseconds to three

mi croseconds.

0n 8 June 1956 a 4,096-word magnetlc core memory arrived for use on

the ORDVAC. Almost four months were required to remove the old electros-

tatic memory and install the new magnetic core memory. Flnal acceptance

.tests were begun on 22 September 1956.

A new transistor adder was added to 0RDVAC on 3 June 1958 and early

In l96l an index register was installed.



oRovAc has operated on a 24 hour per day basis at better.ll" ro*

efficiency' and by late 196l it was stlll scheduled to continue oper-

ation even after the newer machine, BRLESC would be ln operation.2

zSee Appendix lll for technlcal data of ORDVAC.
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CHAPTER V

BRLESC

The capabil itles of any given computer or computlng system are

never sufficient to solve all classes of problems efficiently and econcm-

lcally. There will always be a demand for faster arithmetic speed as

well as for larger and faster memory. In fact, by 1955 the sclentiflc

computing facl I itles at the Bal I lstic Research Laboratories, APG, became

unable to adequately support 0rdnance requirements in the area of ballis-'

tlc computations. The lmproved versions of EDVAC and 0RDVAC wer6 laboring

on a round-the-clock basis. The cornputer improvement programs which ex-

panded the capabllity of these computers turned out to be only stop-gap

measures. The exlsting machlnes were unable to adequately support the

more than 100 actlve problems then being solved in the pursult of ballis-

ttcs research and the computation of firlng tables and bellistic data for

conventlonal arti I lery, rocketsr 6nd guided missi les. ENIAC was not able

to keep up with EDVAC or ORDVAC and was no longer used after 2 October

1955. Thls placed the entlre computation load on EOVAC and ORDVAC each

of whlch operated 158 hours per week, with but a short time off each day

for trouble shootlng, repalr and lmprovements. Troubles over problem prl-

orlty began to occur. Day-time cornputer runs were llmlted to twenty-

mlnute program checks. Scramble tlme was a brfef perlod of a few minutes

for squeezlng In a few hlgh priorlty problems out of scheduled order. lt
was obvlous. that addltlonal computer capaclty was badly needed and thls fn

,*,:.:: of a computlng machine that would be far superlor to the exlstlng
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The state of the art had advanced bV 1957 to the point where sup-

erlor machines were being developed by lBM, Sperry Rand, the Unlvbrsitles

of | | | Inois and Cal ifornia, the Hassachusetts Instltute of Technology,

and the National Bureau of Standards. 0ther companies and universities

were also making rapid progress in the development and production of

computlng and data processlng,systems.'

The decision was made to support the work of the National Bureau of

Standards'in exchange for the results of their development program and

(ln 1957) $50,000 of Ordnance R&D funds were transferred to the National

Eureau of Standards to assist in the development of unlversal logical

packages which could be used ln the constructlon of a new, fast, reliable,

sclentlflc computlng machine. At that time the National Bureau of

Standards was cormltted to the design of their new PILOT l'lultl-Computer

System. The Ordnance funds assisted thb Bureau of Standards In arrlving

at a tentatlve design of arithmetic, loglcal and control unlts. The de-

sign and samples of the logical packages were provided to the Balllstic

Research Laboratorles at Aberdeen Provlng Ground. Tests conducted at

BRL shoarcd that lmprovements in the design of the package were necessary.

These modifications were approved by the Bureau of Standards and the sum

of $175,000 was transferred ln February 1958, to the Natlonal Bureau of

Standards to cover the cost of 6,000 of the packages to be ordered along

wlth the Bureaurs requlrement for lts PILOT l{ultl-Computer System. At

the sane tlme the progranmlng staff of the Computlng Laboratory at BRL

preparod a'descrlptlon of the' Instructlons to be automatlcally executed

by the n€u, computlng nrchlne. Due to thc dlfferent types of a.ppllcetlon,

the deslre for easy progranmlng and for reasons of economy, thc Ballistlc

Regearch Laboratorlcs at APG and the Natlonal Burcau of Standards partod
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xrays in development. All that remained in corrmon were the logical

paclcage and certain aspects of the high-speed ari thrnet ic uni t, rhich

used the high-speed carry logic as proposed by the Bureau. The instruc-

tion code, physical construction, internal arrangement, control logic,

peripheral equipment, and many other aspects differed. The logical

design, physical design, and layout of the system was done independ-

ently by Computing Laboratory personnel at BRL.

The construction of plug-in units and racks was done under contract

by the Technitrol Engineering Company of Phi ladelphia, Pennsylvania. The

development of the high-speed storage element was performed by Ampex

Computer Products, lncorporated, of Culver City, Cal ifornia (formerly

Telemeter Magnetics, Inc.). The contractr approved by the Chief of Ord-

nance, called for the delivery of a 4,096-word storage unit with a cycle

time of less than two microseconds. The operational unit, after some de-

lays due to technical difficulties, was delivered to BRL on l5 Hay l95l

under 0rdnance Contract l.lo. DA-04-495-ORO-1500 at a total cost of $680,000.

Certain other components were also obtained under contract from various

compan i es .

The assembly and logical wiring of the system was performed by Com-

puting Laboratory personnel at BRL. This staff of computer engineers and

prografiners al so cohducted the checlcout and test ing of the system.

The new computing machine was narned BRLESC, E"ll istic Research

Laboratoriesr Electronic Scientific Computer. lt was designed by 0rdnance

personnel, for 0rdnance Corps use, although in every respect it is a
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general purpose, hlgh-speed, autonatlc computer. lts approximate ul-

timate cost is estimated at two mi | | ion dol tars. BRLESC was scheduled

to be in operation by the end of 1961.

The BRLESC is a general purpose, electronic, digital computer wlth

paral lel arithmetic mode and synchronous timing. lt was designed pri-

marily for the solution of scientific problems in which high computational

speed and high precision are required. As the descriptive phrase rrgeneral

purposer implies, the machine may be progranmed to perform any task which.

is amenable to numerical nrethods of solution.

The appl ications of BRLESC are as fol lows:

l. Exterior bal I istics problems such as high al titude, solar and

lunar trajectories, computation for the preparation of firing tables and

guidance control data For 0rdnance weapons, including free fl ight and

guided missi les.

2. Interior bal istic problems, including projecti le, propel lant

and launcher behavior,e.g. physical characteristics of sol id propel lants,

equilibrium co{nposition and thermodynamic properties of rocket propellants,

cornputation of detonat,ion waves for reflected shock waves, vibration of

gun barrels anC the flow of fluids in porous media.

3. Terminal bal I istic problems, including nuclear, fragmentation

and penetration effects in such areas as explosion kinetics, shaped charge

behavlor, ignition, and heat. transfer.

4. gall istic measurement problems, including photograrnmetric,

lonspheri c,' and damplng of satel I lte spin cal culat ions, reduct ion of
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satellite doppler tracking data, and computation of satelllte orbltal

elements.

5. lleapon systems evaluatlon problems, includlng antlalrcraft and

antlmlssile evaluatlon, war game problems, linear prograrmlng for solu-

tlon of Army logistical problems, probabi I ities of mlne detonations, and

lethal area and klll probabilitles of mine detonations,6rd lethal area

and klll probabllity studies of misslles.

,The bin.ary number system is used excluslvely In the arithnetlc unlt

of the machine. The input-output routines (programs) automatically con-

vert decimal input Informatlon into binary form and, conversely, convert

binary numbers into decimal form for output. The arithmetlc unlt ls con-

structed of standard vacuum tube logical packages, wlth tube drivenr cry-

staf dlode logical gating. lt contalns 1,727 vacuum tubes of 4 types,

853 translstors of I types,46,50O dtodes of 2 types, and l,600 pulse trans-

forners of I type. Logical events are controlled by a flve-phase mega-

cycle clock, pernitting declsions at the rate of five mllllon per second.

The storage system of the machine conslsts of a hlgh-speed magnetlc

core memory of 4,096 words. Each word is 72 blts long, which is equlva-

lent computationally to approxlmately l9 decimal digits, since 4 parity

bits and 4 sign blts are not included in the operands. The ccnplete read-

write cycle tinre of thls nremory is 1.5 microseconds. Additional hlgh-

speed storage wlll be added to the'machine when funds becocre avallable.

Also, magnetic drum storage unlts wlll be Installed as back-up memory.

The capaclty of these drums is to be about 35,OOO words.
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The input-output devices of the machlne are capable of reading

cards, punchlng cards, readlng magnetic tape, and recording on magnetic

tape. A maximum of 15 magnetlc tape handlers may be installed on llne,

that is, they are directly accessible to the programmer. Any two mag-

netic tape handlers, one drum, the card reader, and the card punch may

be operated simultaneously under separate automatic controls. Arithmetlc

processlng may occur concurrently with input-output operations. This

neans that information is processed automatically as it becomes available

from an input device and automatic lnterlocks are bullt Into the machine

to fnsure that the proper informatlon is available.

Information may be transferred to or from the machine by means of

punched cards or magnetlc tape. All informatlon must be coded in a binary

manner since the machine (as most rnodern computers) can only handle 0rs

and lrs, that ls, hole or no hole, or magnetization in one dlrection or

the other. The binary number system ls used because of the binary nature

of most of the devlces used in the construction of the machine. The in-

ternal workings of the machine are simpler if only pure biiary numbers

and instructions are used. However, prograflrned routines can be designed

to process any kind of information. The actual information may be a pure

binary number, a binary coded decimal number, a binary coded alphabetic

character, or 'l iteral ly any ttpe of informatlon the prograrrmor desires.

An output routlne wlll arrange thls Informatlon In the proper format for

punched card output if deslred, or for magnetlc tape output. The punched

cards may be tabulated on convenf.lonal punched card equlpment and the
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magnetic tapes may be ready by special converter equipment whlch op-

erates into a high-speed printer at rates up to 1,500 lines per minute,

with 150 characters per line.

BRLESC was designed so that a maximum of concurrent operations can

take place whenever possible. Arrlook-ahead of instructions, words, and

indices" feature is incorporated to allow the machine to operate most

effectively with a memory which cycles in one microsecond. Also,many

special instructions may be executed while the arithmetlc unit is working

on an arithmetic instruction. In addition, al I five input-output trunks

may be operating simultaneously.

The control of BRLESC consists of many units, each controlling their

associated process, but all regulated by a master control center, which

has a pre-determlned time priority system and which prohibits the lnitia-
tion of new events in any of the various. concurrent trunl(s should there

be some confllct in the use of Information or units. For example, if two

tape trunl<s are to use the same tape handler for different purposes at

the same time, the trunk which receives the first request gets priority

to use the handler and the other trunk must wait until the first has

flnished using the handler. Also, should a program want to use informa-

tion that has not arrived yet from one of five input-output trunks, the

master control center recognizes the problem and causes the program to

wait until the information is delivered. The master control also recog-

nizes manual conunands from a console and then relays the conmands to

the respectjve sub-unit.

Magnetic tape speeds operate at an effective rate of l20,O00 six-bit
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characters per second. Search through magnetic tape in the forward or

backward direction by large blocks of information is an Incorporated

feature. llew programs can be located rapidly through the use of fl le

markers. Drum transfer rates are 1301000 seventy-two-bit words per

second.

BRLESC is provided with a parity system to check word transfers as

they pass through the memory and to or from tapes and drums. The master

control unit is altered in the event a non-parity condition occurs.

The computer is designed to operate on an internally stored program

of detailed instructions. This feature is the single, rnost important

reason for thetremendous growth of the computer industry, because it
makes cofiiputers truly flexible and easy to use. Since instructions are

in nurnerical form, arithmetic operations may be performed on them, that

ls they may be manipulated in the arithrnetic unlt. In this way the pro-

gram can modify its own instructions during the course of the computation

ln response to conditions that develop. This allows the prograflrner to

exercise his ingenuity and gives him latitude to do many things without

writing a great many detal led instructions.

Another very valuable feature is that the machine can change address

in instructions by flxed amounts automatically. This feature is called

indexing and permits the progranuner to use the same set of instructions

to process as much data as he deslres simply by changing the Index value

Instead of modlfying the baslc instructions.

CoCe checking features will include stopplng on any selected address,
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the display of the contents of any memory cell, the display of normal

or abnormal conditions, the ability to manually store in any selected

memory cell, and the ability to transfer control to any part of the sys-

tem. Parity checking is performed in each of the four l7-bit groups in

each word.

It is believed that BRLESC will be a significant contribution to the

0rdnance Corps and to the scientific conununity, because it wiII permit

the solution of problems never before possible due to the excessive amount

of time required; and it will solve these problems at a precission which

was possible on earl ier machines only by compl icated, time-consuming

methods. I

lSee Appendix lV for technical data of BRLESC.
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CHAPTER V I

COMPUTERS FOR SOLVING GUN}IERY PROBLEI,IS

The ever present need of the field artillery is a means to solve

the gunnery problem with greater accuracy and speed. Tactical require-

ments are changing constantly at a mounting tempo, with increasing de-

mands being placed upon field artillery in its suPPort of the field

army. This is a contlnuous challenge In the area of fire control where

'new techniques are being devised, the newest advances in science are be-

ing adapted and applied, qualified personnel are being trained for new

Jobs, and where f leld artll lery is f ind.ing the means for meeting the de-

mands for lts increased support.

The development and standardlzation of the Fleld Artillery Fire Con-

trol System M35 was a significant step in the right direction. This sys-

tem utilized an electrornechanlcal computer and opened a new era in gunnery

techniques. The Fire Control System M35 was an improvement over graphical

means in both speed and accuracy, but experience with it also pointed to

needs for improvement In the over-all fire control problem. The analog

system used by this device had several disadvantages. lts accuracy was

adequate for the shorter range weapons such as the l05rm and l55rrrn howit-

zers, but was not adequate for guns and free rockets. lt was clear that.

a system of conputlng was needed which would be more flexlble than was

posslble with an analog system. 0rdnance and C0NARC agencies cooperated

tq er.tabllsh the actual requirements and definltlons of problems, €nd

from these 0rdnance was sble to spcclfy and develop the needed equipment.
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Frankford Arsenal studied t.he basic bal llstic problem for about

two years and then the Univac Division of Remlngton Rand studied the

problem along with its associated mathematics. The most deslrable ap-

proach appeared to be simulation of the flight of the projectile from

the tube (launcher) to impact, which is referred to as solving the dif-

ferential equations of motlon of the projectile. After reaching an ac-

ceptable mathematical solution, the next major problem was the incorpor-

atlon of this solution Into a device compatible with the slze, weight,

power maintenance requirements, and operation training imposed by the

fleld artillery.

In November 1956 a conference was held at Frankford Arsenal to pre-

sent the solution and concept of mechanization. This concept was called

the Field {rtillery Digital Automatic Cornputer (FADAC). Hilitary Character-

istics were drafted and approved. The'design criterla for a machine were

submltted to industry and a contract placed with Autonetics, a division

of North American Aviation, Inc., on 20 June l95B for the design, develop-

ment and manufacture of FADAC. Target schedules called for acceptance

tests by Frankford Arsenal in September 1959 of the first prototype FADAC.

The basic considerations and order of priorlty in arrivlng at the

design of the hardware for FADAC were establ ished as:

| . Accuracy of solut ion and rel iabi I i ty of operat ion.

2. Ruggedness (abillty to withstand adverse climate and field

conditions).

3. H'inimal operation (cornputlng tirne).
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4. Ease of operation and operator trainlng.

5. Ease of maintenance and maintenance personnel training.

6. Minimum physical size, weight and power consumption (not to

exceed 200 lb. in weight and 500 w in power).

7 . Cost.

The FADAC is a sol id-state electronic digital computer. lt is com-

pact, portable, and rugged. lt is approxlmately 24 x 14 x 34 inches in

size and weighs about 200 pounds. lt is designed to operate under severe

fleld conditions and storage,, and under extreme temperdtures of heat and

cold. For use.by the flre direction center, FADAC requires only the

addltlon of J-phase 400-cycle power to the fire directlon center facllltfes.
Transistors are used throughout FADAC circuits. Crystal diodes

are used for loglcal gatlng. The machine ls a stored-program, sol id-

state (no vacuum tubes), electronlc digital conputer to be used primarily

for automatic cornputlng and vlsual displaying of firlnl'data (gun orders)

for Field Artillery $reapons, from inputs defining target and weapon lo-

catlons together with nonstandard condltions of materlel and weather.

It witl provide flring data for a battery of weapons. 0n a one-

battery-at-a-time basis, it can provide firing ddta for rnottars, how-

itzers' guns, and free rockets,'flrlng any anmuhltion these weapons will
use. In emergenctes., lt can provide data for f ive slmllar type battertes,

one at a tlrne. By uslng the. rnemory loading unlt, authorlzed f ield per-

sonnel can make program changes to permit solution of gunnery problems for

oth6r weapons In a few mfnutes time.
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Parts, sub-aSSemblies, and support equipment are interchangeable

with any other FADAC, regardless of weapon or the application to which

each may be assigned.

The flexibility of FADAC is demonstrated in the Interchangeable

control sections, each designed for a particular use. The use of FADAC

with different weapons and for different appl ications is faci I itated uy

changing control sections, For example, a gunnery problem could be solved

by FADAC usirlg the control sectlon deslgned for gunnery, and then the

control section could be changed for a counter-battery problem. A re-

movable plug in the control section simplifies such changes. This design

is not only a felxible operating feature, but also one that minimizes

operator training.

FADAC was designed for high operational dependability and for mainten-

ance to be required only at infrequent intervals. lt should be capable

of operating under field conditions, without major overhaul, for at least

2,500 hours. The solid-state components are expected to operate for at

least 10,000 hours. Errors due to internal malfunctions durlng a co{npu-

tation wil I be minimized by internal automatic monitors which aid in de-

tecting such errors.

FAOAC was designed to be compatible for transmission purposes with

the fieldata family of equipment under development by the Signal Corps

as part of the Automatic Data Processing System (ADPS) program. The

baslc dlfference between the fleldata code and the teletype system is

that the foimer requires more pulses to transmlt a greater amount of In-
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formation, i. e., an B-level instead of a 5-level system. 0f'the 8

levels,6 are used for information or intelligence, I for parity or to

check the transmission of the data, and I bit for a control-type functlon.

The FADAC can transmit and receive this 8-level fieldata code'

Input consists of a manual keyboard and various arrangements of

paper tape or another FAOAC . l./hen al I the data, such as target I ocat ion ,

powder temperature, gun location, and meteorologlcal data, are entered,

depression of a button initiates cornputation. Gun orders, comprising de-

flection, quadrant elevation, fuze time, and charge are displayed in

declmal form.

Output consists of visual display (called Nlxie), another FADAC,

battery dlsplay, printer, magnetic tape, fleldata equlpment, and teletype

equ i pment .

The prograrrning and numerical system of FADAC is straight blnary for

internal operations, with automatic converslons to other codes for input-

output.

ln the arithmetic unit the execution time for each Instruction is

7.8 microseconds. lts arithmetic mode is paral lel by function and serial

by bit. Timing is synchronous.

The storage conslsts of a maln magnetic disc of 4,096 word capacity

and a high-speed magnetic disc of 32 word capacity. There are 32 chan-

nels of 128 words each, of which 24 channels are designated as permanent

storage and 8 channels as working storage.



94

The extremely high-speed operatlon of this machine is made pos-

slble by a combinatlon of new techniques incorporated In the loglc deslgn.

}|hile FADAC is basically a serial cornputer, it performs some functions in

paral lel, that is, several operations simultaneously. Instruction search,

Instruction interpretation, number search, and number read are performed

at the same time. This overlapping feature, together with minimum ac-

cess coding, rapid access loopsr ond multiplication uslng two bits at a

tlme, results in a machine capable of performing 12,800 additions or sub-

tractlons per second, approximatelV 75O multipl ications per second, and

375 divisions per second, including access time for both instructions

and numbers.

There are several additional appl ications of FADAC. One cf these is

as an ideal replacement for JUKEBOX as a cqnputer for the Redstone l.lissi le

System. Frankford Arsenal had developed JUKEBOX before the development

of FADAC had started, but, whlle an excellent computer, it was designed

for vehicle mounting and operation where size, weight and power were not

of prlme importance. FAOAC can meet all of the requirements and have the

advantage of smaller size and weight.

Other missi le systems could also use FADAC. These are: Pershing,

Sergeant, Lacrosse, and NIKE-Hercules. ln addition to the missile sys-

tems FADAC can also be employed in flre planning, survey corTrputations,

counter-battery computation, reduction of metro data, and as universal

autornat I c check-out equi pment,
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materlal for thls chapter was extract,pd f ron Frankford Arsenal Tech-
l'lemOrandum Report H59-5r1 , I'FA$AC Status Reportn, by R. Broclman,
29 Oecember 1958.
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CHAPTER VII

THE COMPUTER TREE

The computer tree shows the evolution of electronic digital com-

puters. The automatic computing and data processing industry is a

dlrect outgrowth of research, sponsored by the U. S. Army Ordnance Corps,

whlch produced the ENIAC, the worldrs fi rst electronic digital computer.

This industry has grown to a multl-blllion dollar activity that has pene-

trated every. profession and trade In government, business, industry, and

educat i on.

In the accompanying graphical representation of the computer tree

the trunl< rests on the EN f AC. The serial cornputers, represented by EDVAC,

and the parallel computers, represented by the OROVAC, are shown as separ-

ate I lmbs. This separatlon tends to dlstinguish the business computers

on the left limb from the scientlflc computers on the right limb. The

cofliputers which were developed specifically to meet mllltary needs are

shown on the cent,er limb. Hanufacturers have entered the electronic com-

puter fleld at different times, shown as various branches. 0nly unlversity

and government sponsored computers are shown along the limbs. The radlal

distance frqn the ENIAC is an approximate indication of the year each com-

puter was developed, constructed, or placed in operation.

The impact of computers is trernendous. Our lives are certainly in-

fluenced by these automatons, and our very production of consumer and

defense goods is indirectly controlled by them. Our national defense is

entrusted to them. Our inventorles and stock keeping are controlled,
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THE COMPUTER TREE
THT AUTOMATIC |)ATA PROCESSING INt)USTRY IS A OIRECT OUIGROWTH OF ARMY SPONSORTO RESEARCH, WHICH PROOUCED THE ENIAC, THE

FIRSI MODERN TI.TCTRONIC COMPUTER, IIiI I945. THE COMPUTTR INDUSTRY HAS GROWN TO A MUI.TI.EII,I.IOIi DOTTAR ACTIVITY, AND HAS

PENEIRATED EVTRY PROFESSION AND TRADT IN GOVTRNMENT, BUSINESS, INOUSTRY, AND EDUCAIIO N. THT TREE SHOTVS THE TVOI.UTION OT

COMPUTERS. IHE SERIAT COMPUTTRS, REPRESTNTED BY IHI EDVAC, AND THE PARALTEI. COMPUIERS, RTPRTSENTED BY THE ORDVAC, ARI SHOIVN

AS STPARATT TRUNKS. THIS HAS ATSO TENDED TO SEPARATT THE STOWTR BUSINTSS COMPUTERS FROM THE FASITR SCITiITIFIC COMPUTERS.

fiIILIIARY REQUIREMTNTS HAVT FOSTTRED A CTNTRAI COMPOSITE SHOOT AND HAVE STINIUTATED OTHER GROWTHS. IIIANUFACIUR€RS HAVE

EI{TTRED IHE COMPUTER FIEID AT DIFFERINT TIMES, PRODUCING VARIOUS BRANCHES ATONG THE MAIN 8OUGH. THE RADIAI, DISIANCE FROM

IHE ENIAC IS AI{ APPROXIMATE INDICATION OF THT YTAR EACH COMPUTER WAS EITHER DEVEI.OPIO, CONSTRUCTED. OR PTACED IN OPTRATIOIi.

IHE ENIAC, TDVAC, ORDVAC AND BRI-ISC II'ERE SPOI{SORTD OR DTVEI-OPTt) BY THT EAI.I.ISIIC RTSTARCH I.ABORAIORIES, ABERDEEIi PROVII{C

GROUItD. MARYtAIiD.

/r.. /ro,)ECs t 3t5,n

ALWAC-j';"-i8d-3"&r1'd-[8i-^'fd-6
Itr#-'JII33-

,qao-F-ArrotAt3otri,,pn$*r.ge1$c>-

yoa
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our records are kept, our bookkeeping ls performed by them. Our routine,

tedious, and painful ly repetitive mental effort is amel iorated by them.

We are rel ieved of arduous mental tasks by them much the same as we

were relieved of arduous manual tasks by powered machinery, We are on

the threshold of a new era and computing machlnes are here to stay and

play an ever greater part in this era.

The computing machines described in this monograph are merely the

beginners. They are the counterparts of the devices of the Howes, the

Wrights, the Marconis, the Bells, and the Edisons, although they appear

super-modern to us at this time. l,levertheless they are the machines which

opened a new frontier in human endeavor with seemingly unlimited capabili-

tles and appl ications. I

I'For example, research is being conducted at Franltford Arsenal on auto-
matic checkout systems for cqmbat vehicles, mlssile checkout systems, and
automatic diagnostic equlpment of a very sophisticated type.



98
APItsI{DIX I

ENIAC

Electroulc lfinerlcal
Integrator and Coryuter

MANUFACTURER
l.loore Scbool of
Electrlcal Engtneerlng
Untv. of Pennsylvenla

OPERATING AGENCY
U.S. Arry Ordnance Co{p6
BaLllstlc Research lab, AFCI

GENERAL SYSTEM
Appllcatlons Solutlon of beUlstlc eqlratlons,

flre control problene, data redluctlons, and
relateil ectentlflc problens.

flnlng Syncbronous
Operatlon Sequentlal

NUMERICAL SYSTEM
Internal Declnal 1n beslc couputer, b1na4'

cocleil clecl-ual ln nagnetic storage
Dectun1 dlglts per vord IO plus elgn
Declnal cllglts per lnetructlon 2
Instructlone per vord. 5 ot 6
fotal no. of lnetructlons d.ecod.etl lOO
Total no. of lngtructlons used 97
Arltbnettc syetem Flxed-point
Inetructlon t14rc,^One-A<ldrese-Qotle
Number renge lO-rv-I to 1-10-ru

ARTTHMETIC UNIT
Adtl tlne(excludlng storage acceos )2OO nlcrosee
hr-ltlp\y tlne( tr rr

Dl.vl<tetfue( , tl

Constr:uctlon Veculln-tubes
Nunber of raplil acceaa voril reglstere I2O
8ee1c pulac repctltlo! ratc 6p.-tZ5 kllocyeles/eee

varlablc.
Arltbnetlc I'bde Parallel-'

Infonatlon le transferred 10 perallel as a
gertal train of lnrlaes.

lbghetlc core LOO 20O
Frurctlon tebLe 5Ol+ l1nee of 12 dec

d,lgtte + elgn on eacb constant eet-sYltcb
PJ.ug board. 96 l1nee of 12 dec

d1g1te + 61g! eecU (I3U)
Relaya B butfer capable

of storlng coDtents of one card

INPUT
l{edla Speed,
IBM Card.s I2l car<ls/nln

Eecb carcl bae B ten <lecLual dlglt
vords plus s1gn6

OUTPUT
l.tedla Speed
fBM Cards I0O cartls/nln

20O ulllteec of caral cycle are avallsbl.c
for other couputer oDeratloDo. At 50
carcla/nln ratc, 80o ulJ.Llscc arq evall-
able for coqluter operattoae pcr caril cyclc.

STORAGE
Merlla
Vacuum-tubes

lillcrosec
tlor<la Acceaa

20 200

u 
)2r8oo nlcroeec

" )21+roo0 nlcrogec
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NUMBER OF CIRCUIT ELEMENTS
lhrbes L7 

'\6ltnbe tlpee L6
Cryetel tltoclee 7 t2@
l.bppetlc elenents 41100

PHYSICAL F.ACTORS
Poner coaer.uptlon, Cou;uter Ul+ K.W.
Slnce occupled, Couluter 18@ sq ft
A1r conditloDln€.r Forcecl outslale alr.

MANUFACTURING RECORI)
I{raber produceil I
Itrnber lu cr.urent oFratloD 1

cosT
Ad.illtloral equllueat lbggetlc Etorage

$e,To6.>o
Reatal retes for eddttlmal equlFneat:

I.B.tt. cartl reeiler $8e.:O per uontb
I.B.U. card puncb $n.OO per nontb

AlDroalDtr eoet of baslc aystcn $?5Or00O

PERSONNEL REQUIREMENTS
Dal\r operatlon
J-Sbourahlfts
J tlaye/veek

llo. of Tecb.
6

A ulnluun requlrement for operatlon aacl
eorlelng on a 2l+-hour-day, J-tlay-rrcek
baslE. No eagineere are aselgneil to operatlon
of the ncblne, but tbey are ueed. for tleeLgn,
develoluent of fulrroverente and consultatlon
nben totsl- brea}dorne occur.

RELIABILITY AND OPERATING EXPERIENCE
Dete ralt peaaed. eeceptance teet 1916
Average error free nnn{'g perlod 5.5 bourg
@eratlng ratLo 0.69 cood tlEe ltl hre.
(rtguree for 1955) Atteslrtett to nn 16ll hrs/vr
l[o. of tllfferent klntlg of plug-ln unlte l+1+

Ito. of eeperete cablneta (excluitlng potrcr aod,
alr cond. ) lr2

Olnratrng ratlo flgures for llll+:
Operatlng ratlo 0.70 G,ood t1le tt6 UE.,

Atteupted to nrn 166 brs.ftL

ADDITIONAL FEATURES AND REMARI$
Tbere are for.u uoflee of operatlon:

Contlnuors, hrlae ttne, Add. tlre, or
Inetnrctloa tLne.

A nauual pe-set stop box 1g evalLaDle.
CouDt lnstructlons and. tranefer lnetnrctlons

are uaed,.



EDVAC
Electronlc Discrete Variabl-e Automatic Computer

APPLICATIONS
Ballistlc Research Laboratories

Exterlor ball-istics problems such as hj.gh alti-
tude, solar and lunar trajectories, computation for
the preparation of flring tabl-es ancl guid.ance con-
troJ. alata for Orcl-nance veapons, inclucling free
fIlght a^nd. guicied- nissiLes.

fnterlor bal-llstic problems, includ"ing projectile,
propellant a.nd launcher behavior, e.g. p\rsical
characteristl-cs of solicl propella.:nts, equitibri_um
composltion antl- theruod.yna.mic properties of rocket
propellants, computation of d-etonation waves for
refLectecl shock waves, vibration of gr:n barre1s
anal the fJ-ow of fluid.s i-n porous med-ia.

Tenninal bal-l1stlc problems, includ.ing nucLear,
fragnentatlon anai penetratlon effects in such areas
as exploslon kinetics, shaped. charge behavior,
lgnltlon, a.nal heat transfer.

Balllstic measurement problems, includ.j-ng photo-
grammetrLc, lonospherlc, erd d-emping of satell_ite
spln calculations, reiluction of satell-lte doppler
tracklng clata, ancl eomputation of satellite orbital
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MANUFACTURER
Moore School of El-ectrical Engineering
Unlversity of Pennsylvania

U. S. A:utrr Photo

elements.
Weapon systens eva.luation problems, 1nc1utllng

antl-aircraft and. anti-niss11e evaluation, war
ga,ne probl-ems, linear progrFmlng for soLution of
A::ny loglstieal problens, probabilltles of mine
d.etonations, and lethaL area anal k111 probabllltles
of mine detonations, and fetba]- area ancl k111
probabiLity stud.ies of misslles.

PROGRAMMING AND NUMERICAL SYSTEM
Interna^l- number system Binary
Blnary digits per vorcl 44
Binary digits per instruction 4 bits/connand

1O bits each address
Instructions per vord. I
Instructions d.ecod.ed. 16
Instructions used 12
Arithnetic system Floating a,nd. Flxecl point
Tnc*rrra*ian #rna Four_ad.d.ress coale



DVAC Floatlng Polnt

Number range
Flxed -(r-z-4r, (, _( (r-z-l+r,

U. S. Anry Photo

ConstructLon

Tlnlng
Operatlon

Mealla

Vacuum-tubes a^ncl Dlod.e-gatee

10r

Acceaa MlcroBec
48-rA+
17r00o

Synchronous
SequentlaJ-

STORAGE
Nunber Number of
of Wortls Diglts

Mercur;r A.D.L. Iro24 48-lBl+
l{agnetic Drun 4r5o8 l+8/wora

Inclutles relay buntlng ancl closure.

Ad.<l tLne (hc1ud. stor.
(nfn r9e nax L,516)

I'fir1t tlme (lncJ.urt. ator.
(nfn areO8 nex 11552)

Dtv tlne (l.nclucl. ator.
(ntn ZrZ56 nax 5r5oo)

access )

acceas )

access )

Froating -(t-z-11 p5t]--( r,( (r-a-11 y25L]-

lfhe fractloaal part of floattng polnt number h.aa 11
blts plua elgn, a.nd tbe.exponent of 2 may range frm
-512 to +511.

InstnrctLon vord. forrat

ARITHMETIC UNIT
Mlcrosec

854

2rggo

2'91o

Nunber of rapltl- access voril reglstere 4
Basic pulse repetitlon rate 1.0 negacycle/sec
Arlthnetlc mode Serlal

The rate of infornatlon transfer to ancl fron the
ttrun ls at one negacycle per secontl. Ibe block
length ls optlonal. from 1 to ]81+ vorcla per transfer
lnstructLon.
Magnetlc Tape \8/Wora

lilaxlmun number of unite that can
be connectetl to the syetem 7 Unlte

![sxlmlm nr:mber of character8 per
3-lnear lnch of tape 112 Cbar/lnch

Channels or tracks on the tape 8 Track/tape
Blank tape separatlng each recoril 1.5 Inches

d-ma
1-10

F -le.a
]1-20

/ -eda2r-to 5-aaa
fl-40

0rcler
4r-4\



The nagnetlc tepe sycten hes the fo1low1ng
features:

Varlable block length fron 2 to 11024 vorcls.
The search or<ler releases the rnachlne for con-

putatlon cluring searcb.
Infornatlon vhlch hae been taken fron a block

and^ operated upon, can be autonatlcal\r re-recorclecl
ln the same block.

Tape speecl
Start tlne
Stop tlne

Mec[1a
Paper Tape Perf.

TeletJ4levrlter

Card hrnch

Average tlne for experlenced
operator to change reel of tape J0 Seconcls

Physlcal propertlee of tape
t{lartb
Iength of reel
Composltlon

Ji Inchee/sec
5 MlLllseconals
I lilllllseconcls

5/B Inches
12!o/2!0o Feet

Red Oxltle

OUTPUT
Speetl.

5 sexadec eher/eec
JO vord,s/nln
5 eexadec char/eec

JO vortla/nln
12! cards/n1n

1rOO0 vorclsr/nln

Quantlty 1}rpe

-LO2

POWER, SPACE, WEIGHT, AND SITE PREPARATION
Pover, conputer ,2 K.W.
Space, conputer l9O sq. ft. floor
Welght, computer IJrJOO lbs.
Pov.-.r, a1r cond. 2, K,W.
Space, alr cond. 6 sq. ft. floor
Welght, alr cond. 4rr45 tUs.
Capaclty, alr cond. 20 Tons

PRODUCTION RECORD
Number prod.uced.
Number 1n cunent operatlon

COST, PRICE AND RENTAL RATES
Approxlnate cost, baslc systen $45TrOO0
Rental rates for addltlonal equlpment

I
I

INPUT
Medla Speed

Photoelectrlc Tape Reader p\2 sexadec char/sec

card Reader (rBM) rffi :fff1ff;
8 worcts/carct

I.B.M. card. reader
I.B.M. card. punch

$8a.:O per month
$gl.>O per month

CIRCUIT ELEMENTS OF ENTIRE SYSTEJvI

PERSONNEL REQU I REMENTS
Typlcal Pereonnel 

Three g-Eour Shlfta
Supervlsors
Anelysts
Progra,mnere ancl Cod.ere
Clerke
Englneere
Tecbnlclans

158 houra/veek
0.8?

No englneers are aselgned to the operatlon of the
nachlne, but ere ueed. for d.evelopment and deslgn of
adctltlons to the nachlne. Ttre technlclare coneult
the englneers vhen e total break-clown occure.

RELIAB I LITY, OPERATI NG EXPER IENCE,

AND TIME AVAILABILITY
Average emor-free runnlng tlne Approx. B houre
Oood. tlne Il+5 houre/veek
Attempted to run tlme
Operatlng ratlo

Flguree baeed on last J year6.
I\e 2) hours per veek are devotecl to sched.uled and
unscheduled malntena^nce, te6tlng, nodlflcatlono and
lmprovements, tlme loet d.ue to error, etc. 1ftre l\5
hours are good., ueefuJ, prod.uctlon tlne.
EDVAC hae been operatlng slnce 19\9.

6
a

1l+
l
''|

5

ffire
Tubes, total
6t6
616
6AsT
6v6
66
Dlod.es, total
IN297
lN 14
Tranaletore,
2Nt98
2N10088
2N \t

5,917
lr0oo
1'5oo
L'I4

900
E5

12rOOO
5,ooo
4r8oo

total ,28

Qua,ntlty

45
150
150

5O
500

Ir2OO

5At{5
mz]-
6sv
5AS6
Mlec

Mlsc

256 ?II'r25 l+

50 2Nr5? r+

4

, CHECKING FEATURES
$ro arltbtretlc unlte perfom conputatlon atmuJ,tan-
eouely, dlecrepancleg halt nachlne.
Unuaed. connand.s balt nachlne.
Paper tepe read.er error detectlon.
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ADDITIONAL FEATURES AND REMARKS
Oscllloscope ancl neon lncllcator for vlevlng con-

tents of any storage locations at a.ny t1me.
Drceecl capacLty optlons: hFlt, lgnore, transfer

control, or go to selected locatlon.
Unusecl lnstructlon (conrnana) natt.
Storage of prevlously executed. lnstruction and.

vhlch atorage locatlon lt came from, for viewlng
tlurlng cotle cbecklng.

Storage of current lnstructlon antl storage loca-
tlon 1t orlglnated. fron.

Adilrees haft vhen prescrlbetl adclress appears in
any of 4 adtlreeses of lnstructlon to be executecl by
computer.

Tape read.er error aletectton.
Bullt 1n automatlc floatlng polnt equlpnent.
It{agnetlc tape arxl}lary storage unlt and hlgh

apeetl prlnting techniques are belng lnvestlgatetl.
hrnchlng one carcl requires fron JE+ to 158 mlcro-

seconcls. Ihe conputer may proceed. betveen cartls.

INSTALLATIONS
Ballistlc Research Laboratories
Aberd.een hovlng Ground, Maryland

FUTURE PLANS
A second. nagnetic cLrum systen, of 151128 vorcls
capaclty le belng addetl to the DVAC. The tranele-
torlzetl track selector v111 pernlt channel svltch-
1ng ln l+8 nlcroseconds.
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OR DVAC
Ordnance Varlable Automatlc Conputer
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APPLICATIONS
3al-].lstic Reeearch Laboratorles

Exterlor ballistics problems such as hlgh a.ltl-
tutles, solar ancl lunar tralectories, computatlon for
the preparatlon of flrlng tables and guldance con-
troJ- tlata for Ordna.nce veapons, lnclutllng free
fl1ght antl gulcletl m1ssiles.

Interlor ba.l11stlc problems, lnclucllng proJectlle,
propellant ancl launcher behavlor, e.g. p$rslcal
characterlstlcs of so11cl propella.nts, equ1llbrlum
conposltJ.on enct thernoclynamlc propertles of rocket
propella.nts, computatlon of tletonatlon lraves for re-
fLectecl shock vaves, vlbratlon of gun barrels ancl

U. S. A:my Photo

the flov of flultls ln porous neilia.
Teruinal balJ-lstic problems, includ.ing nuclear,

fragnentatlon and penetratlon effects 1n such areas
ao exploslon klnetlcs, shaped. eharge behavlor,
lgnltlon, snct heat transfer.

Ba^Lllsttc lreasurement problens, lncJ.udlng photo-
grametric. r.onospheric, a,na[ tlamping of satelllte
spln cnlculatlons, reiluctlon of satel]lte'doppler
tracklng tlata, and. conputatlon of satelllte or.bltal
elenents.

Weapon systems evaluatlon problems, lnclucling
antl-alrcraft antl antl-lrlsslle eva-luation, var game
problens, linear progrannlng for solutlon of A:m;r
J-oglstlcal. problems, probablUties of mlne detona-



ro5
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ffi

Ittilllililtl|tLl

Transistorlzect Arlthnetic Unlt

tlone, ancl ]ethal. area anal k111 probab1lltles of
nlne detonatlons, a.nt[ lethal area ancl k111 probabll-
lty Btuclles of nisslles.

PROGRAMMI NG AND NUMER I CAL SYSTEJVI

U. S. A:qg Photo

Instructione useal
Arltbnetic systen
Number ra^nge

JJ ot'12
Flxecl polnt
-1 ( x (1

InternaJ- number systen
Blnary diglts per vorcl
Instructlons per voral
Instructlon tlrpe
Blnar5r ctigits in operation cod.e
Binar;r tllglts in adilress

Binary
l+o

z
One Ad.tlress

6or9
L2 or 10

ate
polnt nunbers from fi.x point numbers

Rapid- Access vord. registers - l
Sexad.ecima.l representatlon ls usecl external\r.
Negatlve nr:mbers are han(Ued as 2 comp1ements.

truction vorcl folTat
Ieft Instructlon Risht Instructlon

o
)rder

2
Unuserl*

L1

Ad.clress
o I

Unusecl*
L2

Ad.tlress

2O Blts 20 Blts
bit vl1]- be usecl to d.ifferenti fIc



it{agnetlc Core Memory

Floatlng polnt operation nay be prograrLmed..

DuaJ- cocle - ORDVAC operates on a clual cod-e basis.
The cotles are, on a two instructions per word. basis,
i.e. 20 aligits per instruction:

Cod.e A - 11024 vord.s of storage:
9 tllglt, commancl
1 tllgit, spare

10 atlglt, add.ress
Cocl-e B - \r@6 vord-s of storage:

5 digtt, conmancl
2 cllglt, spare

12 c[1g1t, add.ress

r05

U. S. Arny Photo

-fhls systen pennlts utlllzatlon of routlnes clevelop-
ed. previous to the 4r096-word. operatJ.on change over.

ARITHMETIC UNIT

Aritbnetic nocle
Basic pulse rate
Adcl tture (Basic addition by

oriihna*ia "-i+\
l,tultiply time (excluil. 6tor.

Parallel-
Not pulse controllecl

1l+ nicrosec

access) JOO nicrosec
Divlde time (exclud. stor.

access) 7Oo nicrosec



ro7

i, \ tl

ffiii^

Tra,nsLstorlzecl Cbanne,r Se t-.,ctor

Ibe total adil tlme, includlng transfer to final
register, 1e lO nlcrosecontls. None of the above
flguree lnclucle access to storage.
Conetructlon, Arlthnetlc unlt only - Transistorizecl
on prlnted clrcult plug-1n boarcls, uslng IrOOO ffire
2N128 transLstors.
Tlnlng Asynchronous
Operatlon Para.llel"

U. S. Arny Ptroto

STORAGE
Med.i.a Worals Dlgits Access

MagnetLc core \,@6 15rr840 bits t! nlcrosec
Magnetic clrun lOrO32 l+0Lr280 bits SOTOOO "

/48 word.s

Magnetic drum purchasecl from ERA Division of Sperry
Rancl, Incorporateal. Ihe track sefector for the
na€netic clrum has been translstorizecl. Megnetic
core stora€e unit purchased. from Telemeter Magnetics,
Incorporateal. Both above storage unlts ad.apted. to
ORDVAC a.nd. i.nstelJ-ecl by Ballistic Research Ieborator-
ies personneL.



INPUT
$peecl

2.) norcts per 6ec
40 vorcls per eec (bh)
B word.s per sec (dec)

20 norcle per sec (ttn)
JOO vortle per Bec

Alr Conclltlonlng
Conrputer
Core Menory
Magnetlc Dnrn

Space
Conputer

I{e1ght
Conputer

108

I5 Tons
J.) Tons

) Tons

6JO cu ft

JrO0O lbe

8O eq ft

fhree 8-Eour Shifts
6
1

ll+
I
'l

6

Metlla
Teletype tape (5 hofc)
Punched. card.s

Feruantl Et-epeed Paper
Tape Reader

Magnetlc tape

The speclal purpose one lnch vlcle nagnetlc tape
system for transferrlng telenetered, clata to ORDVAC
lras 6 lnfornatloo tracks ancl ) control tracke.

OUTPUT
Metl.la Speecl

leletype page prlntet O.l+ vortl.e pe" sec
Teletype tape O.4 vortls per sec
Punched carde l+O vord.s per sec (bh)

8 vortls per eec (d.ec )
'IransletorLzecl nagnetlc core contents dteplay.

CIRCU}T ELEMENTS OF ENTIRE SYSTEM

PRODUCTION RECORD
Number produceil to d.ate I
Nunber ln cument operatlon I

COST, PRICE AND RENTAL RATTS
Rental ratee for addltlonal equlprnent

$6t+8.X per month
Ilae add.ttlonal rentect equlpnent 1e:
I.B.M. punch $ Bl.lZ per month
I.B.M. recd-er $ 82.50
I.B.M. reproclucer $122.50I.B.U. tabulator $16O.Z5
Approxlnate co6t of baele system $6OOrOOO.

PERSONNEL REQUIREMEMS
tylr1cal Personnel

Supervleore
Analysts
kograrnnere a^ncl Coders
Clerks
Enlglneers
Technlclane

Tubee
lVpe
)96\
,687
2CrL
)yo)
6}d,
6M7
mzr
6o8o
6AN5
082
7W
5951
6AV6

)fi4
o!o
]2Arr
6x4
)o)L
6AQ'

Qua.n
8r?
420
568
617

47
a

160
2A
'l 4

tl+
IO
46
1a
2

26
22

6
t'.,

I

llra,ns letore
lVpe Qua,n
2Nr62
2N140
2N128 1fO0
2N109

Dtodes
Wpe
1N91
]J{g'
tNt2

POWER, SPACE, WEIGHT,
Power Consumptlon

.Conputer
Core Menory
Irlagnetlc Drun

type Quanc6r 2g
6x5 l+

et4
6sr5 l}
6!c7 412slrr 12
rzlJ'rl 1
5AU6 96150 Bd
6829 2
6216 2
6wT \2
6197 905295 r9t

'998 
726ye 4,5OB l+

oMt
Total" 1W

ffire euar,2N1056 2rO
2N1l_' 7'2N426 252N\25 10
rotal 2;69i

type euan1N6' T'
lNr8A 10
lN2gB 3ooTotal W

AND SITE PREPARATION

40 K.tr.
15 K.lr.
6 K.r{.

No englneere are eeslgned. to the operatlon of the
machiner but are u6eal for d.evelopnent and cl.esign of
ad.clltlons to tbe nacblne. The technlclans consult
the englneers vhen a total break-dor*a occurs.

RELIAB I LITY, OPERATING EXPERIENCE,

AND TIME AVAILABILITY
Average enor-free runnlng perloct Approx. 6 hours
Gooil-tlme JrI75 hours
Attenptecl to run tlne 81760 hours/year
Operetlng ratlo 'b.St

The above flgures are based on tbe yearly average of
the leet 5 year6. Approxlnately 2 houre per r+eek
are ueed. for eched.ulecl preventlve nalntenance anct lO
hours per week ere used. for runnlng computer test
progra&s. Tbe 11285 houre d.tfference above vere used
for testlng, servlclng, bad operatlng tlme, general
lmprovement, andt the lncorporetlon of new conponents.

20
o)

fo0
tt+6

Quan
t+rB

162
10



ADDITIONAL FEATURES AND REMARKS
Ibe ORDVAC belongs to tbe group of conErtera vbose
baelc loglc vas developecl by the Inatltute for
Arlvance<l Study ald uttltze<l ln the lAfl cmgrter.
Tbls ljft fanl\y of conputere te nade up of eucb
uacblnea as the II.LLAC, ORACLE, AVIDAC, ltlAl{LAC,
JOENNI.AC, MIIiTIC, antl CICLOM.
fbe ORDVIC 1s a dllrect-coupled nachlne ualng three-
dluenslona.l conetnrctlon. A tllrect-coupleil nacblne
la one that connecte tbe voltage leveL of one cou-
ponent <llrectly to tbe lnput of the nort, wltbout
voltage leoletlon betneen. fhle feature la ver1r
beLpfirt ln trouble-abootlng tbe syeteu. ltree-
tlluenelona.I constnrctlon ls g@etlmee ca-Ued low-
capacltance virlng. In the OnDVlC, tbree-<llnenstona.l
vlr{'g ls e4floyed by placlng the arlthnetic uait
ancl other controle on opposlte eldea, ancl lnter-
connectetl rtlr{nB nrnnlng acroaa the open epace
bettreen. the nachlnd caa be renote\r controLletl
from conerclal Teletype units.

ORDVIC le equlppetl vlth the optlon of tno tllfferent
lnstnrctlon codes. Cotte -p (nhe blte 1nr lnetnrc-
tlon) nalee lroPl+ rror<le of hlgb speed core etorage
evallable to tbe operator vblle Code -5 (s1.:< blts
per lnstructton) nakes l+rop5 norcle of blgh apeed
atorage evellable. Eacb code sbares a comon nlne-
btt tlecotleri bonever, vben tbe cotte -6 optlon 18
ueecl tbe lngtructloa flret lnseee tbrougb a code
trenelator rblcb transLates tbe etx btt lngtnrctlon
lnto lte p-btt equlvalent. llbere la no loss of tt-ua
r&tte naklng the code translatlon.

the tranelator uaes tbe follorrlng nunber of
clrcult elenents

Tranelstore
SB,JOO r5,
2N \' 2t+
zil 1l+O 72Total trI

Cryetal <llod.ee zrt
Reelstore ,O5Capacltore 2t

Tbe ebove coponente erF aowrted on 2I prlnted.,
clrcult boarcle. Power dissipetlon 1e approxlnetely
5 vatts.

INSTALTATIONS
Bal1let1c Beaearcb Laboratorlee
.Aberdeen hovlng Grouncl, l,ta.rgaatl

109

G,eneral purpoEe uagnetle tape etatlons vlIL be
added to tbe ORDVIC sbortly, vltb provtelong for 8
statlons. 0nDVrc v1J.l controL read., rrrlte, re-vfuld
forrarcl ancl backrard, move tape forrartl ancl back t{
vord.a, etartlng at A address of nemorlr, tranefer to
B ad<lregg of uenory for next lnatructlonl r€-recoril
H vorda, Dtayback X vorila, cbeck for parlty error,
trangfcr on elror, anil otber firnctlona.

Clrcult Elenente, Entlre Syeten
l,{agnetic Corea
Quen 0D ID
L72,Or2 l@ 70

5,175 n' 260

ftrtck
,O nlls

L2, ulle

FUTURE PIANS
llbe Ftoat{ng Polnt unlt for tbe ORD\|IC vllt,he

tullyrfSanelstorlzecl, wltb a uunber 7^nge of 2uI
to 2-*", uolng e seven blt blaeeat exp,onent. lfun-
bers r11I be normallzeal aut@etlcal.\r on tlansfer
to etorage. lhe naatleaa of the norna"tlze<l fLoct-
tng-polnt nunber r1l1 heve 4 lnn8€ of L/Z> c > -l/2.!.tle eyaten r11I requlre tbat an exletlirg.regieter
be converted, fro e one-sldleil sblftlng regr.gt€r tO
a tyo-e1rleil sblftrng reglstcr.

hr$r traneletorlzeil control clrcuttry for nry
lailexlng ordcra 1111 bc addeat ln tbc near futura.



APIENDD( W

BR L ESC
BalListlc Research Ic,boratorles Electronlc
Sclentlflc Comouter

APPLICATIONS
E:<terlor ba.lllstlcs problens such as hlgh altt-

tucle, solar and. lunar trajectorles, conputatlon for
the preparatlon of flrlng tables ancl- gulctenee con-
tro]. cl"ata fcr Ordna.nce $eapons, lnclud.lng free
fIlght and guld.ed. misslles.

Interlor be]'llstlc problend, includ.ing proJectlle,
propelfant and. launcher behavlor, e.g. physlcal
cha.Tacterlstlcs of sol1cl propellants, equlllbrfum
compoEltlon ancl. themoclynamlc propertles of rocket
propellants, computatlon of iletonatlon waves for
reflectetl shock waves, vlbratlon of gun barrels and
the flov of fluids in porous meclLa.

Te:m1nal ba1l1st1c problems, lnclutllng nuc]ear,
fragnentatlon and. penetratlon effects ln such areas
as e4pJ.oslon klnetics, shapecL charge behavior, 19-
n1t1on, a.nil- beat transfer.

Ba3-llstLc measurenent problems, lncludlng photo-
gramretrlc, lonospherlc, and. tLanplng of satell.ite
spln calculatlons, recluctlon of satelllte doppler
tracklng d.ata, anil colrputatlon of satelllte orbltal.
e].enents.

Weapon systens eva-luatlon problens, lncludlng e,nti-
alrcraft ancl natl-nlssLle evalt:atlon, var game pro-

110

MANUFACTURER
3a111stic Research Laboratorles

Photo by U. S. AreV

1ens, 11near progrFmlng for soJ.utlon of Ar.ny logls-
tlca1 problens, probabllltles of nLne d.etonatlone,
and lethal area a.na k1l 'l probabllltles of nlne det-
onations, antl J.etha] area a,nt[ klIL probablJ-lty
stutlles of mlsslles.

PROGRAMMING AND NUMERICAL SYSTEM
Internal nrmrber systen Blnary
Blnary d.lglts/vord. 58 + 4 parlty
B1nary digits/lnstructlon 68
Instructlons/vortL l
Instnrctlons decoaled.
Arltbmetlc system
lestructlon t1rye
T-nstructlon word. fo:mat

t5
Flxed antl fJ.oatlng point
Ihree-ad"dress

4 l+ 6 1l+ 6 L4 6 1l+

Ord.er
type

Para-
meter

Index a-Ad.-
dress

Index p-Ad-
dress

Inclex 7-Ad-
dress



tlL

Concurrentllumber vorct foraat Flxerl Point

,l rl\ 50

Tag Sign Blnary
Polnt

fag Slgn Blnary Coefflclent Blased
polnt F.:qp of f5

Autouatic bullt-1n Bubroutlneg
In artd.ltlon to the standard set of Jtmp lnetruc-

tlone, three more Junp lnatructloue have been ln-
cluderl wblch vlll be ueed 1n conaectlon vlth the
ttpemanenttt etorage of ttbullt-lntt aubroutlnee.
These are Junp to 'rpe:oa"nenttt lnstructlon, Jr,uop to
t'bul1t-1n" subroutlne, antt Set lnclex a,ntl Junp to
maln nenory.

Reglste4s and B-boxes
The machlne vlll have 65-one nlcroseconcl &cceae

lndex reglsters, atldressable by the a, p, alld 7
atldresses of the lnstructlon wortls.

The parameter blts of the lnstructlon worcl are
uged. to lndlcate varlatlons.of the baslc order type.

AlL three arltlmetlc reglsters are 58 blts. Tag
blts enter these reglsters only on the loglcal 1n--
stnrctlons ancl the shlft lnstructton 1f lt ls cycllc
or ls a Boolean shlft. On arlthnetlc ordere, the
tag blts are saved. ln a seperate tbree b1t reglster
and the three extra blts ln the arlthmetlc reglstere
are used. for checklng overflow. Thus the range of
nunbers ln the arlthetlc unlt 1e -128 < N < 128.

Ad.d. and subtract are perfo:med the gafre as for
noruallzed- arltbnetlc, except the result ls never
ehlfbed left at the encl of the operatlon.

Before nultlpJ-y ls clone, the coefflclent that has
the largest absolute value ls noruallzeil. There ls
no left no:mallzatlon after the operatlon. Thus
the result has approxfuately the same number of slg-
nlflcant dlglts ag the operancl that had the snraller
number of slgnlflcant d.lgits. ft does tend. to re-
taln an average of about tvo or nore blts than lt
shoultl, hovever.

Before ctlvlcle ls ctone, both operancls are normal-
lzecl but the number of d.lvld.e eteps perforaed. ls
red.uced. accorcllngly so that the resu-l-t haa approxl-
nately the same number of signlflcant dlglts as the
operancl that had the snn] 1er nr.mber of slgnlflcant
d-igtts.

ARITHMEI IC UNIT Ml*ogecond*

Inclexlng a.ntt control 1111 be concurrent nlth
arlthnetlc operatlone.

Except for arlttunetlc or Boolea^n compare lngtruc-
tlons, the teet overflow lnstructlone vlth Pr, = L,

or arlr arl-thmetlc orcler that stores ln a.ny lntlex
regleter or stores ln tbe locatlon of tbe Derl ln-
etnrctlon, the uachlue alnaye geto I'te noct I'nstruc-
tlon from the menory whlle lt la dotag the Prevlout
lnstructlon. If thle next lnstnrctlon 1E one of thg
control ancL lntlexlng order8, 1t 1s Lt@ettlately done,
unLees lt la an lnput-outprt ortler or a teet over-
flov ortler. If 1t ls clone, 1t proceede to get an-
other lnetructlon a,ntl cl.o lt, tf poeelble. fbus at-
nost a,U of the control antl lndexlng orders can be
tloue concurrently rtth the arlttmetlc or logtcal
oralers. 0a1y the arltlmetlc anct loglcal orders rc'
qulre the use of tbe ualn arlthnetic unlt of tbe
machlne.

AIl t1ryee of lnput-output orders can be tlone cou-
cunently vlth other lnstructlone. Autonatlc later-
tocke are provldetl so as to prevent tLn1ng confllct'
Reference to a maln memory posltlon nltbtn the range
of elther a,n lnput or output lnstructlon n1ll halt
the coputer untll the lnput or output tranefer haa
occured. at that memory posltlon. lfhe computer 1s
released. as 6oon as the transfer of that P€rtlcular
vord hae been nade and does not valt for the entlre
transfer to be conpletecl. T]rere 1e no lnterlock on
the lnclex mernory when lt ls used as lnclex reglsters'
Oaly the effectlve addressea d, F, 7 are confllct
checketl. The programer caJl easlly na.ke the con-
puter lralt untll euch a tra,nsfer le conpLete by ue-
1ng the last add.rese 1n the lnclex range of the ln-
out order 1n the A, B, or C addreeaea of a chrmtrr

ortler. An lnput-output lnetfurctlon le not staxtetl
untll the prevlouB arlthmetlc lnstructlon ls fln-
lehed, hence the laet arlthnetlc result nay be ln-
cludecl 1n the ra.nge of arry lnput-output order.

Ae rnany ae flve lnput-output ortlers can be opera'-
tlng concurrently vlth computlng a'nd vlth each other'
'tneie 1s a separate trunl for readlng carde, punch-
lng cards, usLng tlnrm, and tvo separate trunko for
uslng magnetlc tape a.nd all flve of theee tnrnlg
ca^n operate concurrentlY.

STORAGE
No. of Dlglts Accege

lGctla llorcls Per Worcl Mlcrosec
llaenetlc Core (uarn) l+,096 J2 blnary 2
Malrretlc Core (rnt[ex) 6l 15 blnary I
l'tagnetlc Orr:ns (fvo) 2\1576
Magnetlc Tapes (Stx)
No. of unlte that canr be connected 15 Unlts
No. of charo/llnear lnch l+Oo Char/ln
Channels or iracks on the tape 15 Tracke/tape
Blank tape eeparatlng each record O.8O Inches
Tape epeecl - Ilo Inches/sec
Tranefer rate 12010@ Ctrar/eec
Start tlne J.O l'lllllecc
Stop tture J.O l0lllsec

Operatlon

Average tlne for experlenced.
operetor to ctranrge reel
Phyelcal propertlee of taPe

tlldth
Length of reel
Conpoeltlon

Qreratlon
Flxecl polnt add or aubtract
Flxed- or fJ-oatlng nultlply
Flxed or floatlng tllvltle
Floatlng aald or gubtract
Boolean loglc operatlon
Inclexlng ancl control

Artthnetlc rnotle
f{m{ng

ExcJ.AI InclAT
15

20 2F
60 6,1.o .6r5
a 2(Ave)

Constructlon (Rrftmetlc unlt ody)
The arltbnetlc u:elt 1s constructett of etanclarcl

vacuum tube loglcal packages, vlth tube clrlven,
crystal cl1ode J-oglcal gatlng. The arlthnetlc untt
only 1s constructetl of ll2l vacuuil tubee of l+ ttr4ee,
B53i traneletorg of ] types, 4b,5OO d1oclee of p types
and 11600 pulse transforaers of 1- tyBe.

5o Secontle

l.O Inchee
2rlOO Feet

O.4] Maenetlc coatlag
1.1+5 t.tr

Ioglcal eyents are controlLed. by a five-lbeee
clock, pernltthg cleclslone at e 5 Mo rate.

Provlglon 1e Dtde for up to l5rJ8l+ rlorils of. blg!
alneil nenory andt eyeteu ca,n be e:<panclecl to 26 tape
statlono.

Parallel
Synchronoue



Metlla
Cartl Eeatler
l,lagnetlc Tape

Meclle
Card. hrnch
Magnetlc Tape

Perlpheral equlp.ent. A slngle unlt that 1s cap-
able of convertlng alphenwnerlcal characterg fron
cards to tape, tape to hlgh speecl prlnter, tape to
cards, carde to hlgh speed prlnter a.nil paper to
nagnetlc tape.

CIRCUIT ELEMENTS OF ENTIRE SYSTEM
Qua,ntlty

5,600
1l-o
ILO
220
80

rnTo/cnPlog 12,600
IjDn l0o,oo0
Mlsc r'tr]0o
translstors
2N697
2Nr1l+t
zNtg9
Mlsc

rl2

clownstalrs.
Capaclty, a1r condltloner 25 Tons

PRODUCTION RECORD
Nuober of systens proalucetl to <late 1
Operatlonal ilate antlclpated as I Aprll 1951.

COST, PRICE AND RENTAL RATES
fhe approxl-ate coot, lncludlng an addltlonel baak
of \1095 rvords of hlgh speecl memory, 5 tape st&tlono,
the systen as d.escrlbed., vlth all perlphera.l coa-
verters antl lnput-output equllnent, slte preparatlon,
overhead ancl other related coets vlll be approxlmate-
ty 2.0 nllllon clollare.

PERSONNEL REQU I REMENTS
ltrree B-Iiour Shlfte

6
7/

1l+
L
t_

6

I NPUT
Speed

Boo cards/rnln
See ttstoragett

OUTPUT
Speed

2!O cards/rnln
See ttstoragett

True
Tubes
5847
5L97
6c4
6Ae5
Mlsc
Diocles

Supervlsors
Analysts
Progranners a,nd[ Cotlers
Cl-erks
Englneers
Technlcla.ns

CHECKING FEATURES
Code checklng features v1ll lnclutle stopplng on any
selected adclrese, the d.lsplay of the contents of
any memory ce1l, the dlsplay of noma.I or abno:oal
cond.ttlono, the ablJ-lty to nanually store 1n any
selected memory cell, and the abtllty to transfer
control to any pert of the systen. Pa.rlty checklng
1s perforned. ln each of the four lf-blt groups 1n
each vord..

No englneere are asslgnetl to the operatlon of the
nachlne, but are useal for tlevelopoent antl design of
addltlons to the nachlne. The technlclans consult
the englneers vben a total break-clornr occurs.

RELIAB ILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

A hlgh degree of rellablllty ls achleved. by utlllzing
sta.ncl.arcl loglcal plug-ln packages, a ruggedlzed, long
llfe, tlrlver tube, derated conponents and polnt-to-
polnt solclered connectlons.

INSTALLATIONS
Conputlng Laboratory
Ba1lletlc Research Ieboretorles
Abertleen Provlng Grou.nd, lla.ryla.ntl

5oo
2l+o

rr600
6,too

POWER, SPACE, WEIGHT,
Power, computlng eysten
Pover, alr cond.itloner
Space, conputlng eystem
Space, alr contlltloner

AND StTE PREPARATION
15 Kv
20 Kw
Plenr.m 1e JO ft x 4O ft
Ch1l1ed vater le sent
tvo fllghts up to compu-
ter slte to heat exchanger,
trgnsferrlng heat from
conputer closeal loop a1r
to closeal loop chllled
vater. On grountl f,loor,
compressor refrlgerent ab-
sorbe heat fron chllle<I
rater. An evaporatlve
system absorb8 heat from
refrlgerant ld a coollng
tover. Conpressor located
tvo floors betrsw. &l.qu!.d
coola,nt pi.ped upsboLrs.
Eeat excha^nger, cogrter
eloeed-loop alr-to-coolant
at colnrter s1te, encl
coolant-to-outslale alr
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APPEND IX V

Inventory of Computers Within the U.S. Army 0rdnance Corps - FY l96l

ORGANIZATION QUAN. COMPUTERS APPLICATION OPERATING COST PERSONNEL

PlA IN KILO

Anniston I IBH 550 Supply 854 90
Ord. Oep. I IBM l40l Management

Benicia 2 IBM 305 Supply 1,068 105
Arsenal l.,lanagement

894Erie
Ord. Dep.

2 aBM 305 Supply
Management

93

120

73

39

74

t24

Letterkenny 2 IBH 305 Supply 1,271
Ord. Dep. Hanagement

Mt. Ranier 2 IBH 305 Supply
0rd. Dep. Management

Pueblo0rd. 2 IBM 305 Supply 1,057 ll3
Dep. Hanagement

Rari tan 2 | BH 305 Suppl y | ,889
Arsena I I RCA 501 Managernen t

RedRiver 2 IBM 305 Stock 950 113.5
Arsena I t'tanagement

Rossford I tBM t40l Supply 574
0rd. Dep. Management

Los Angeles, | | BM 305 Supply
Ord. Dep. ilanagement

709

l2
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ORGANIZATION

ursllR

Frankford
Arsena I

QUAN. COHPUTERS

I Univac | 103 A
I Burroughs E l0l
I Bendix
I uss 80
r I BM 7090
I rBM l40l

I Burroughs E l0l
3 IBM 510
I tBl'l 704
3 tBH 1520
I tBH l40l
| | GP-30
I Bendix G-15

APPLICATION

Sci. Engin
Sci . Engi n
Sci. Engin
Sci. Engin
Sci. Engin
F i n. Acct.
Pers. Hanag.
Sci. Engin.
Sci. Engin.
Sci . Eng in.
Sci. Engin.
Sci. Engin.
Sci. Engin.
Sci. Engin.

OPERAT I NG

COST P/A PERSONNEL

IN KILO

3,563 | 18

I

I
I

I

I BH 650
tBM l40l
tBt4 305
Un i vac

Fi le (D)
Bendix G-|5

LGP 30

NCR IO2 D

uss 90

Sup. Hanag.
Sup. Hanag.
Fi n. Acct.

Sup. t'lanag.
Opt. Ray
Tracing

Armunition
Opt.Oesign

Stud i es
l{eapons

Stud i es
Weapons

Stud ies | ,574 il8
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oRGANtZATtON QUAN. CoMPUTERS APPLICATI0N 0PERATING CoST PERSoNNEL

PlA IN KILO

Army Rocket I Burroughs Sci. Engin.
Guided tlissile 205
Agency I Elecom Sci. Engin.

I IBM 510 Sci. Engin.
I IBM l52o Sci. Ensin. 913 | 16

0rdnance I RCA B I Z}4AC SuP. l'tanag.
TanlcAutomot i ve I RCA 503 Sup. Manag.
Cormand I RCA 501 Financial Acct 2,706 318

Oetroit I Burroughs Tank
Arsenal 204 Automot i ve

Research | 00 6.5

0rdnance I RCA 501 Speci al
Armuni t ion Weapons and
Conrnand Anmun i t i on 419 32

P i cat i nny | | Bl"l 650 Eng i neer i ng
Arsenal R and D

I IBM 709 Anmun i t ion
Research

I IBH l40l Anmunition
Re sea rch

I RCA 502 Fin. and
Personne | 555 19.5

Ordnance t RCA 501 Sup. Manag. 983 74
l'/eapons
Corrunand
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APPLICATION OPERATING COST PERSONNEL

PlA IN KILO
ORGANIZATION QUAN. COI.lPUTERS

APG Bend i x
c- 15

Burroughs
E-l0l

ORDVAC

ERLESC
EDVAC

LG P-30

I

I

I

Army 0rd.
Missile
Cormand-Hq.

Army Bal I i sti c
l,lissile Agency

(Nour HRSn
Eff. I Jul 60)

Analys i s of
Test Data

Analysi s of
Test Data
Sci. Research
Sci. Research
Sci. Research 771

Classified 4

5ci. Engin
Sci. Engin.
Sci. Engin.
Sci. Engin.
Sci. Engin.
Sci. Engin.
Sci. Engin.
Sup. Manag.

Sci. Engin.

Sci. Engin.
Sci. Engin.

Sci. Engin
Sci. Engin.
Data Reduct ion

Financial
Acct. 781

76

0

I

I

I

z

2
2
4
I

5

IBM 704
709
7090
714
720
730
6r0
705,

Bl,1

B14

BH

BH

BH

tBl4
!81'1

t{-2
Bu rroughs
205 (c)

LG P- 30
Bend i x
G-I5D

LGP-30
tBM 1520
cDc I 50

t Bl,t l40l

l0
I

o
2

9

50

Army Ballistic
l'{lssi le Agency

Redstone
A rsena I



n7

oRGANtZATtON qUAN. COMPUTERS 
'APPLtCATI0N oPERATI0N cosT PERSoNNEL

PIA 
'N 

KILO

Watervl let I IBH 550 Engin. and 195 20

Arsenal Fi scal

tlatertown I RCA 501 Fin. and
Arsenal Personnel

I LGP 20 Sci. Engin.
I LGP 30 Sci. Engin. 365 40

Springfield I NCR 304 Fin. and tA
Armory Personnel

NOTE: This is a complete list of all electronlc digltal systems, for
all purposes, in use by U. S. Army Ordnance Corps. The list
was taken frqn the report submltted by the Chief of Ordnance
to the Department of the Army.
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ADD TII4E
MICROSECONDS

2.5 - 27.5

2.5 - 27.5
4

1.7 - 11.?
l+

l+

b

\.16 - 12.70

4.8

4.8 - 9.5

,
/
)-o
6

. 5.4 - r9.2

7-t6
7.2 - L2
A

A

9.7'
IO

10

IV

tn

ro.2 - 12.6

12.O

I1

80

60o

105

1r0oo

108

8l+

,'O MERLIN

l+l+ $fLVAlfIA S 9lloo

75.5 - ,t2.5 UNwAc rrr

50 - 102 LrTtoN DAIA ASSESSOn

210 (10/5) ]3r,{ 7o8o

28.75

80

JV

4>

].ou

51. o

7L

r).o8 (6 + 5) rt+o (5 x 5)

IO

J_O

15

r7 /DLsLr
20

DA7

22

11

zz

22-26

112

88

88

,is
,75 - 725 NAnEC

TAB LE V
aRrrrrMETrc oPEnATroN rn$ ($cuJDrNo AccEss) oF coMPlrrrNc srsm{s

MI'LTIPLY TIME
MICNOSECONDS

rl+ - 51.5

1l+ - 51.5

20

42.1 - 50.1

z6

L2.7

I
\.15 - ,0.r2
9.5 to r9.2

25.2 to 0.&{

]00
10

25

lrOOo

ro8

r9.a - 8l+

ll+o

\t
76.5 - r&.,
'r? 7qL).t/

40

,6
z5

l0 - Lo8

60 - 102

15.2 - ]-rz

B5

:

392

loo - 5oo

ll+ - l+r

258 - 2\2

DTV:IDE rIME
MrcRosEcoNDs srslEx''t

, - 6r.5 Lu/rse lr (v)

,6.> - 70 AN/FSQ 12

l+O WESTE'ICHOUSE AIntsORM

\, - ,r.o Pnuxo 2ooo

\6 LrrroN c 7000

fl uNrvAc 1l-o7

28 UNIVAC IARC

6.5\ - t2.7O rBl'{ ?OgO

19.5 to 80.0 LTNCOIN TX 2

61.6 - 66.\ cDc l.5ol+

BURNOUGiIS D 10'

PROGNAMMTD DAEA PR@ESSOR

STLVANIA UDOMT

Bru,ESC

LINCOI,N IX O

cDc 150

OKTAIIOMA UNTVERSTTT

uJwAc 490

RCA 601

BT'RROINGHS D 2O2

IBM 7o7l+

TABGEf INENCEPT

TRTgE

BIJRROI'GRS D 2OI+

.l,w/rse TAr{/Fse 8 (sncn)

AN/USQ 20

rTT SPES 025

MOBIDIC A

MOBTDTCCD&7A

r3M 705 r rr
CI'BIC TBACKER

AN/IYK 7V IMORMER

STORED PROGNAM DDA

}IIIIRL}TIND II
2r8 - ztta g/mc 6v SASICPAC
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TABLE ]T (CONTINUE D)
ARIfHMETIC OPERATION TSE (D{CIUDING ACCESS) OF CoMPIJTING STSmMS

ADD TI}.|E MI'LTIPIf TIME DNEDE TII{E

I,IICROSECOIIDS I{ICROSCONDS I'fiCBOSECONDS SYSIE'{

2|+26\288All/Asaz8(v)t.toc
2\ 252 252 coMPAC

24 L62 t+50 HONEYWELL 8OO

24 8l+ Sl+ LTNCOLN CG 24

2\ 96 168 RCA roo

2\ + n/z 7r 8r MANTAC rrr
2l+ - 8ll 2\ - 2W 56 - 2\a IBM 7ol+

2l$ - 8l+ 2l+ - 2l+O ,6 - 2\O I3M 709

2, 75 7' BllRRotxifls D 201

25 75 - ccc REAL TIME

Zr. l+OO l+00 JOHNNIAC

25?OOTroBUnROUGHSD2oS
2T ?o l-r2 BH{TDD( O 20

t2 - BURn0UI86D2O9

,2'66,SoLISRAscoPEAInfnAFrIc
tz MoDAC 5o1l+

)t NonDEN voln TALLY

t6 8c r28 H''I l+oo

15 or 60 \56 \55 rBM 7oI

4o ztO \26 BURROUGHS D 1O7

40 2rO 5OO GENERAL ELECIRrC 225

40 ,75 52O T,EPRECHAIIN

40 l+O to l+2b lro to 450 LIBnASCOPE MK 1fO

t+2 88 - MOBIDIC B

tP 29\ lrOl+l+ NATIOML 
'f544 2r9 l+s6 t'NwAc llof 1101 A

\5 - PHrrrco cxP(l

50 8, 85 RrCE UNTVERSTTT

5o to 1Lo rNrlELH( ArnLrM SEffivArIoN

56 728 868 RcA 11o

,9 ,9 L77 LTBRAScoPE cP 2o9

50 115 5o8 uNwAc 110'

5r+ 5ro 1r2oo GH{EnaL EI.EcrBrc 2Lo

6\ 169 - sllAc

7o 17o - 59o 59o otln.cr,E

?2 (1o + 10) 672 to 1,f88 (1o x ro) 792 to 98\ rBM 7o7o

80 840 9bo GENEnaL lcrrs sl/ncs

8l+ 8l+ + 8l+/srt 8lr + 8l+/rrt EITIIIES LRI x

s6 ),o@ ,,ooo BURRoUGHS D 20'

90 ,oo - 1,700 - Ar/cnc

9t 665 _ $5 95o ILLIAC
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TABLE ]Z (CONTI NUED)
ARTmMEIIC OPERAIION rr]m (TNCLIDINO ACCESS) OF COMPI'TTNG Slrgmvfft

ADD TTI{E
MICNOSEEONDS

9r.8
100

100

108

120

120

120

. 150

150

u0
t76 - 26\
]-92

L5o + L5 (eug + ldtt)
rg2 - r,5)5
tgz - Lr5t6
192 - 1r5l+O

200

200

210

2l"o

(1V

22l.

2U+

230.\
250

264

]oo
tLz
4oo - L7rooo

428

4l+o

500

500

525

5l+o

5bo

5&
62'+

625

780

910

MI'LTIPI;T TIME
ulcnosEcoNDs

??0.8

990

1r000

,72
rr52O

540

L''2o
r'72o

580 - 10, no
l+rooo

2rOL6

8o+16
2r2O8 - 1,552
2,rOI+ - tr6\8
2,1@ - ,r55o
2,O7O

850

1o5 + 105/Blt

7r8oo

L'T6o

U,85o (5 x 5)

lrOO8

250

1r 141+

I'9@
2,U28

1O,OOO - 26|000

8r 5oo

25,O@

5oo - lrooo
17roOO

2,rL'O

z,\to - L5r?oo

lor8OO

5,rtT

',7\\\r2L9
2t99o

,r&O

DTVIDE IIME
fficnosEcot[Ds

,,L59.2
Lr2OO

1rl0o

,l+8

1612oo

540

1r\b
, ror_O

5,ooo

2,592

80+15
2,216 - 

',6002,ro\ - 
'r6t+82'r@ - ,t6r0

''9851,b2O

ro5/Btt

'''oo
LT,6\0 (6/6)
2'1o\

2rlw
2rt1o

IO,OOO - 25rOOO

Srooo

40,ooo

l7rOOO

t'950
2,1+)o - 15r7o0

D')0o
l+r 8ro

,rTW
\rrT5
,tLao
116@

SYSlEM

IB.t 705 IrI
CYCI'!\IE

MISTTC

PACKAND BEII 2'O

OEMNAT MII.LS APSAC

MONNOBqII V

NATTOIAI 
'OI}UNIVAC II

VENDAT

rlT BAI{K I,N PR@

I'DEC I TT ITT

GB{ERAI EI.ECIRIC 
'12TSI.ERTISMR ISIEFIIE

EDVAC

DYSEAC

SEAC

Bt RROrrGEft 220

EONEYWET,L 290

EUiEES DIOINAIR

RCA 

'01,fiAMPSRIXE IBIDS 9r2

SPEC

I3rr 509

DAIAMAII C 1OOO

CUBIC AIR IBATFIC

HrFms M 252

IBM Lll0L

ASC l-5

OASAC

EAMPSRINE CCC 5OO

BEADD(

r.ocrsftcs
RPC l+Ooo

UNTVAC I
BENDD( G 1'
nEcc[4P rI
DIIIIA

lrr/lse e8 (v) mc
IJBRASCOFE AS{ 2\
nil ,oo
LEEDS NORIENOP 

'OOO
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ADD TIl,tB
MICnoSECO{DS

9Zt+

95o (10 Dr8)

rrooo

lr0oo
lr0r9 - 1rI88
rrorg - 1rr88
lrrlo
L'160

L'1&
1,98o

2rOOO

,,\\,
j15@

7 
'T5o

7,&o
Srooo

Srooo

Srooo

8'?oo

8'?oo

9rooo

9 
'59o

11roOC

11r2OO

t2rooo
f5rooo
].6rToo

17roLo

19,900

20TOOO

25|AOO

,OTOOO

5Or0OO

5orooo

51,0O0

5orooo

rlorooo
l2orOOO

tr,,ooo

TABLE g (CONTINUED)
AnruuErrc opEnAuoN [0G (ilcuDrilo AccEfts) or coMPtTI]fG srsllEl{g

l,ULTIPIlf TIUE
MrcRosmoilDs

I+rz2|r.

r?r?oo (ro nrs)
17r0@

17rooo

9,)@
9,1@
2rw
L'275

L'275 +
22r2\O

2lrOOO

5t115

. 22r0no
' 2rrcf,,o

2lrOOO to lrPrlOO

1?rooo

8,ooo

68,ooo

2rr8nf.

2r,M
,Lro@
19,85O

250r000

2\rroo
trr 5O0

40rooo

tr,t:

tT,roo

5o,ooo - J.go,ooo

250r000

25Or@o

25OrO@

?2.Or0oo

2r5@rOoo

5lOrOoo

600rooo

DrlllIDE TII'{E
l,trcnos$oNDs

l+r22q.

16.8

Urooo
17r000

i-ar 68^

, L2r68f.

1'5zo
L'275

I'2'15 +

22'71+A

2rr 50o

T,W6
22r00o

2trooo
2lrOOO to 55t2@

t?r0oo
Srooo

7T,W
271500

2Tr50o

Sgorooo

20'79
4ooro@

25'6ctr.

54roOO

l+or0oo

L6r?c/c.^

'8' 
5oo

-
looroco - ,7or0oo
2SOrOOO

2Sorooo

,oorooo
2OOr0oo

5!o,ooo
600rooo

STSEM

?Errxo ,000

IBM 1520

A.f.ltAC Irr E

IJBNABOL IOOO

BUnRC[roEft 201]

BunnouiEs 2c5

nPc 90oo

UNTVAC SOIJD Sf,AEB 8O/9O

UilITAC SIIIEP

REPAC

PE{ISEAC

EI.ECoi{ W5 ]t25EP

LIBRAINOL 5OO

IIATTOr{AL 102 D

uty ,o
l.toDAc l$1ll

MOI{ROBOT MU

WTVAC FrI;E O

UNTVAC TII.E 1
MOI{NOBOI XI
JUKEBO(

II,ATIOIIAT 
'90MIIIIAC IT

MONROBCI XK

NATrot{At ro7

lIIsc
EI.ENECISER I'NINED AInIJITES

NATTONAL IOz A

ELECOI'{ 1oo

MODAC bO4

IIM 
'O5 

RAMAC

BT'RROTESS E 1O].

BnnnoniEg E 102

BUNNOIXIEE E IO'
DE 60

Inf 5r2

MONIBOBOT IrI
uoiltRoBo[ vr
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TABLE TTT
APFNOYII'IATE COST OF CCMHNINO SYSTI!4S

(BAsrc on rYPrcAt srsrnt)

r22

SISTEM

MoilRoBql V

nPc l+o00

NECOMP II
ELECOM 120

uNrvAc r20

RW 

'OOuouc l+ol+

PENNSTAC

PROGNAM{ED DATA PROCEISOR

MODAC I+10

RPC 9OOO

IAn r!o1
FOSDIC

oENERAL Murs AD/Ecs

MODAC 411+

ELECOIT{ L25 LP5FP

BT,AROUGES D 2OI}

IBI'{ ,O5 RAM/\C

noNEYItELL 29O

rrilrvAc srnp

rnu 55o BAl,tAc rAPEs

OIRAC

ncA ,or
BUnROIIBS,S 201+

BUnROrEffi 205

GENffiAL EI.ECTBIC 225

RASTAC

RASTAD

OENERAL ELEC1RIC 2TO

NU{MICORD

IBM ?OL

I,{ANIAC I
8CA 50r
ILIJ.AC

IEIEEEGISTER I{ACNET IIIVEITI CO$I

I'NTVAC TII.E I
UITVAC FII.E O

BUEROU}AS e20

tNrvAc soIJD stlcE,u/n
uAr{Lrc II
TNTVIRSAL DTIIA MANS

IOGIfIfICts

Islr ?@

COiST

1,000

6,ooo

9,650
15,000

l?,000 to 20rO0O

rSrooo

19, r95

20,000 ,

20,oo0

22,5OO

24,500

29,750

29 
'75o

29,750

,6,000
' l+o,500

45,ooo

49,500

49,5oo

50,0OO

SOTOOO

50, oo0

5O,O00

50,OOO to IOO,OOO

j'2,ooo

t5, ooo

)6 '3oo
60, ooo

50,ooo

6\, ooo

65,000

70,OOO

70,OOO

75,OOO

75,OOO

75,950
Bo,ooo

B0rOoO

82,5oo

84,500

85,ooo

85,ooo

85rzc8.

SISTE!,t

PMK I II
IBM 6'2
MOIIROBOI IX

HRB SINGER

ITT BAI{K LN FR@

DE 50

SPEC

CEOIECIT AI'TOI,I{TIC

MAGNF'ILE B

ELmoM 50

MONROBryI XI

BUNNOUGIIS E lOT

BI'NROUOI{S E IO2

BURROTEH^S E IO'
I8r,{ 509

PACIGSD BELL 250

DISIBIBT'IAPE

BB{DIX G 15

LPCI 

'OAIIIAC II
HAMP€fiINE CCC 

'OOMAGNEF'ILE D

TIICE

I{AMPSIIIRE TRTN 9'A
BEI{DIX D T2

IBM 610

NATIONAI 
'9Ocm 150

ELmoM 100

rBu 1520

NATIONAL 102 D

NATIONAL 102 A

READIX

IBM CFC

nNwlc 50

ATWAC III E

AI|/MJ'Q 1 REmTorE

CINCLE

NATIOI{AI 
'15LIBRAIROL 5@

MINIAC II
r{oDAc 5014

CEITERAL ETECIRIC 
'12

cosT

$ 86,074

B?,500

95r000
g7,o@

9T,5@
g8r0oo

roor00o

r0or00o

110rOOO

1201000

l20ro@

t25,5OO

r2?r0oo

tl+rr98o

lSOrOOO

155,0@

l5orooo

L67,8ro
t?orooo

175,00O

t82rooo

LBSro@

lg5ro@
2OOTOOO

2OOTOOO

2OO,O0O

2oorooo

2OO,O0O

225|OOO

225,W
zro|AOO

25010oo

257 |OOO

,oor0@
,oorooo

,oorooo

,oor0o0

,2or@o
747 'N
55Or0OO

,50rooo

,*,w
,58r0oo
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TABLE TTV (CONTINUED)
APPROXII'IATE COST OF COMP(NINC SISTEMfI

(nesrc oR [YPrgAr. sYsrE]'t)

$ fi6,6oo
l+00r000

4oo,ooo

1r5?rooo

\78, ooo

500,000

5O0r0o0

500r000

Soorooo (Donated)

5oorooo

600rooo

5oorooo

?oorooo

?50rooo

T50rOOO

Soorooo

1Lt,25O

8t9,700
8g5,ooo

ylorooo

n5,ooo
lr0o0rooo

lr00or0@
lroooro0o
L,28\,rro
lr4oorooo
lr5@rooo
lr 5oor0oo

rr600rooo
lr5\orooo
lrBoorooo to 2rJoorooo

L'9r2'0oo
Ir99l+,ooo (nxctuarng

'Dlecount)
' 2TOOOTOOO

2rL79,roo
2r2OOrOOO

2r 5OOr0OO

216'frcf/u.-

2r8gB,ooo

br5oorooo

5rooor@o

IWTIONAI 
'OI+NICE TJNIVBSITT

sllAc

EDVAC

BENDIX O 20

AN/rrK 5v BASICPAC

GEORGE

TJDEC I II III
UNTTAC ITOI

MERLIN

NORDEN VqIE TN,LY

ORDVAC

UNTVAC III
crc r5o4

UNTVAC I
Ar'/cRc

IBl,r Tsfo
RCA 601

uNrvAc Ir0, 1l'orA

TJNIVAC II
HONEYWFT.T. 8OO

ITT SPES 025

LINCOLN CC 24

NATIoML rcf
rBM 7074

IJNIVAC 1tO2

NANEC

uNrvAc 490

PfiIIXO CXPQ

IBl"l 705 I II
UNTVAC ITO?

uNrvAc u05
lBl't ?04

BRLES'C

DltrAllHrIC r0OO

rBM ?o8o

NORC

IBl,{ ?09

IBr.r 7O9O

BIZ.I.IAC I
T'NXVAC I.ARC
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APPENDIX VI I I

Glossary of Computer Englneering and Progranmlng Terminology
(Partial list from BRL Report lll5, March l95l)

ACCESS, RANDOH

Access to storage under conditlons in which the next positlon
from which information ls to be obtained is ln no way dependent on
the previous one.

ACCESS TIME

. (l) The time interval between the instant at which informatlon
is: (a) called for from storage and the instant at whlch delivery ls
conpleted, l. e., the read time; or (b) ready for storage and the
instant at which storage is conpleted, i. e., the write time. (2) the
latency plus the word-time.

ACCURACY

Freedom from error. 'Accuracy contrasts with precisioni €. gol
a four-place table, correctly computed, is accurate; a 5i;-place
table containing an error is more precise, but not accurate.

ADDER

A device capable of forming the sum of two or more guantities.

ADDRESS

A label such as an integer or other set of characters which
identifies a reglster, location of device in which information is
stored.

ANALOG I

The representation of numerical quantities by means of physical
variablesl €. g.1 translation, rotation, volt€ge, reslstance; con-
trasted bri th trdigitaltt.

ANALYZER, D I FFERENT IAL

An analog computer designed and used primarlly for solvlng many
types of differentlal equations.
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AND-0PERAT0R

A logical operator which has the property such that if P and Q

are tbro Statements, then the StatementttP and Q'r iS true or false
precisely according to the fol lowlng table of possible combinations:

P

false
false
t rue
t fue

The rrand" oPerator
no signr as in P .
oPerator.

0
0
I
I

is
a

a
fal se 0
true I I
fal se 0
true I

PandQ
fal se 0
fal se 0
fal se 0
true I

often represented by a centered dot (. ) ' or by

or PQ; tlre term conJunction is appl ied to thls

AND-GATE

A signal circuit with two or more input
property ihat the outPut wire gives a signal
wires receive coincident signals.

wires which has the
if and only if all inPut

ARITHHETIC UNIT

That portion of therrhardware'r of an automatic computer in whlch

the arithfiEtlc and logical oPerations are performed'

AUTOHAT I ON

The enti re field of investlgation, design, development, appl ica-
tion and nethods of rendering or making Processes or machlnes self-
acting or self-moving; rendering automatic; theory, art _or techn ique

of ma[,ing a device, machine, Process or procedure more fully automatic;
the impllmentation of a self-acting or self-movln9, hence, autcnatlc
process or machine.

B I NARY

A characteristlc or proPerty involving a selectlon, cholce or
condltion In which there are but two Posslble alternatives.

B INARY , NUI.IBER

A single digit or group of characters or symbols rePresenting
the total,-aggregate or atnount of units utlllzlng the base two; usull-
ly uslng only the dlgits rr0rr tnd ilIil to express quantity.
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CAPAC ITY

The upper and lower limits of the numbers which may be processed
in a computer register, e.9., in the accumulator, e.9. the capacity
of a computer may be ten decimal digits or the capacity of a computer
may be +.00000 00001 to +.99999 99999. Quantities which exceed the
capacity usually interrupt the operation of the cornputer in some fashlon;
the quantity of information which may be stored in a storage unit;
see Capacity, Storage.

CAPAC ITY, STORAGE

Maximum number of words or characters which a device is capable
of storing; " measure of the ability of a device to store informatlon
for.future reference.

CHARACTER

One of a set of elementary symbols such as those correspondlng
to the keys on a typewriter. The symbols usually include the decimal
digits 0 through !, the letters A through Z, punctuation marks, opera-
tlon symbols, and any other single symbols which a computer may read'
store, or write; a pulse code representation of such a symbol.

CHECK

A means of verification of information or operation during or
after an operation.

CODE

A system of symbols or their use in representing rules for handF
ing the f lor", or processing of information; to actual ly prepare problems
for solution on a specific computer.

c00 | NG

The Iist, in canputer code or in pseudo-code, of the successive
cqnputer operations required to solve a given problem; repertoire of
instructions.

CODING, ALPHABETIC

A system of abbreviation used in preparing information for Input
into a cofliputer such that information ls reported in the form of letters,
e. g., New York as NY, carriage return as CN, etc.
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COD I NG, AUTOMAT I C

Any technique in which a computer is used to help brldge the
gap between sorne rreasiesttt form, intel lectually and manual ly, of
describing the steps to be followed in solving a given problem and
some 'rmr)st efficientrrfinal coding of the same problem for a given
cornputer; two basic forms are Routine, Compilation and Routine, In-
teroretat i on.

CODING, NUMERIC

A system of abbreviation used in the preparation of information
for rnachine acceptance by reciucing all information to numerical quan-
tities;.in contrast to alphabetic coding.

COHI{AND

A pulse, signal, or set of signals initiating one step in the per-
formance of a computer operation; that portion of the instruction word
whlch specifies the operation to be performed; See instruction.

COI{PUTER

Any device capable of accepting information, applying prescribed
processes to the information, and supplying the results of these pro-
cessus; sometimes, more specifical ly, a device for performing seguences
of arithmetic and logical operations; sometimes, sti | | more specifical-
ly, 

" stored-program digital cornputer capable of performing sequences
of internally-stored instructions, as opposed to cqLqqlators on which
the sequence is impressed manually (desk calculator) or frqn tape or
cards (card progranmed calculator).

COMPUTER, ANALOG

A calculating machine which solves problems by translating physi-
cal condi t ions I i ke f lor.r, temperature or pressure into electrical
quantlties and using electrical equlvalent circuits for the physical
phenornenon.

CO}.IPUTER, ASYNCHRONOUS

A balculating device in whlch an
slgnal generated upon completion of a
wlth Synchronour Computer.

operat ion is ini tiated by a
previous operat ion; contrasted
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COMPUTER ' AUT0lliAT 1C

A calculating device which handles long sequences of oPerations
without human intervention.

COI{PUTER, DIGITAL

A calculating device uti I izing numbers to express al I the variables
and quantities of a problem. The numbers are usually expressed as a

space-time distribution of punched holes, electrical pulses, sonic
pulses, etc.

COHPUTER, SYI.ICHRONOUS

A calculating device in which the performance of al I operations
is controlled with periodic signals from a master clock.

CONTROL

(l) Usually, those parts of a digital computer which effect the
carrying out of instructions in proper sequence, the interpretation of
each instruction, and the application of the proper signals to the
arithmetic unit and other parts in accordance with this interpretation.
(2) Frequentlyr one or more of the components in any mechanism respon-
sible for interpreting and carrying out manual ly-lnitiated directions.
Sometines called manual control. (3) In some applications of mathema-
tics, a mathematical check.

CoNTRoL-Ut'l tT

That portion of the hardware of an automatic digital computer
which directs the sequence of operations, interprets the coded In-
structions, and initiates the proper conunands to the computer circuits
to execute the instructions.

CORE, MAGNETIC

A magnetic material capable. of assuming and remaining at one of
two or more conditions of magnetization, thus capable of provlding
storage, gating or switching functions, usually of toroidal shape and
pulsed or polarized by electric currents carried on wire adjacent the
mater i al .
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DATA-REDUCT ION

The art or process of transforming masses of raw test or ex-
perlmental ly obtained data, usual ly gathered by instrumentatlon,
into useful , ordered, or simpl if ied intel ligence.

DECOOE

To ascertain the intended meaning of the individual characters
or groups of characters In the pseudo-coded program.

DIGIT

'One of the n symbols of integral value ranging from 0 to n-l
inclusive in a sEale of numbering of base n, e.9., one of the ten
decimal digits, 0, l, 2, 3, 4, 5, 6, 7, 8, 9.

DlGtT, BINARY

A whole number in the binary scale of notation; this digit may

be only 0 (zero) or | (one). lt may be equlvalent to anrron" orrroffrl
condition, a lryesll or a "no'|, etc.

DIGITAL

The quality of utilizing numbers in a given scale of notation
to represent all the quantities that occur in a problem or a calcu'
lation.

OO}'N-T IME

The period during which a computer is malfunctioning or not
operating correctly due to machine failures; contrasted with available
time, idle tine or standby time. Scheduled maintenance time is also
considered down-time, in as much as the computer is unable to operate
during this period.

DRUH, }'IAGNET IC

A rotatlng cylinder on whose magnetic-material coatlng lnforma-
tlon is,stored in the form 6f magnetized dipoles, the orlentation or
polarity of whlch ls used to store binary information.
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ELECTRON I C

Pertaining to the appl ication of that branch of science which
deals with the motion, emission and behavior of currents of free elec-
trons, especially in vacuum, gds or phototubes and special conductors
or semi-conductors. Contrasted with electric which pertains to the
flow of large currents in wires or conventional conductors.

ERROR

The amount of loss of precision in a quantity; the difference be-
tween an accurate quantity and its calculated approximation; errors oc-
cur in numerical methods, e.g. an error introducted by the truncation of
a Power series defining a transcen dental function. Ttris may be clas-
sified as an error introduced by the numerical method, there is no mis-
take involved and the computer is operating properly; mistakes occur in
programming, coding, data transcription, and operating; thus, usual ly
humans make mistakes, €.g., assigning a wrong address when coding a prob-
lem; $alfunctions occur in computers and are due to physical Iimitations
on the properties of materials. An error is sometimes considered to be
the differentlal margin by which a controlled unit deviates from its
target value.

FL I P-FLO P

A bi-stable device; a device capable of assuming two stable states;
a bi-stable device which may assume a given statle state depending upon
the pulse history of one or more input points and having one or more
output points. The device is capable of storing a bit of information;
a control device for opening or closing.gates; a toggle.

FUNCT I ON-TABLE

Two or more sets of information so arranged that an entry in one
set selects one or rnore entries in the remaining sets; a dictionary; a
device constructed of hardware, or a subroutine, which can either (a)
decode multiple inputs into a single output or (b) encode a single input
into multiple outputs; a tabulation of the values of a function for a
set of values of the variable.

GATE

A circuit which has the ability to produce an output which is de-
pendent upon a speclfied type of or the co-incidence nature of the input,
e.9. an rrandr' gate has an output pulse when there is time coincidence at
all inputs; an tror" gate has an output when any one or any combination
of input pulses occur in time coincidence; any gate may contain a number
of ilinhibits", in which there is no output under any condition of input
if there is time coincidence of an inhibit or'excepi" signal.

HALF.ADDER

-circuit having two output points, s and c, and two input points,
8, such that the output is related to the input according to the

A
A and
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fol lowing table:

INPUT

lf A and B are arbitrary input
carry'r and carry, respectivel y,
properly connected may be used

HARDl.jARE

The mechanical, magnetic,
which a computer is fabricated;
computer or con)ponent thereof.

INFORI{AT ION

An aggrqgation of data.

pulses, and S and C are 'rsum wi thout
it may be seen t hat two half-adders,

for performing binary addition.

electronic and electrical devices from
the assembly of material forming a

OUTPUT

AB
00
0l
l0
ll

s

0
I

I

0

c
0
0
0
I

I NSTRUCT I ON

A set of characters which defines an operation together with one or
more addresses (or no address) and which, as a unit, causes the cofliputer
to operate accordingly on the indicated quantities. The term rrinstruc-
tlon[ is preferable to the terms t'cofimand'r and "ordert'; conmand is re-
served for electronic signals; order is reserved forrrthe order of the
characters" (implying sequence) or I'the order of the interpolation'r,
or "the order of the differential equation'r.

LANGUAGE, MACHINE

Expressions which define the operations of a cornputer, usually
intelligible to the computer by means of it circuitry. lt may be infor-
mation recorded in a form which may be made available to a computer;
coded information which can be sensed by a machine.

LOG IC

The science tlrat deals with the cannons and criteria of val idity
in thought and demonstration; the science of the formal principles
of reasoning; the basic principles and applications of truth tables,
gatlng, interconnection, etc. required for arithmetic computation in
a comPuter.
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MEMORY

The term rrstoraget' is preferred.

M I CROSECOND

A millionth part of a second" Abbreviated psec.

HILLISECOND

A thousandth part of a second. Abbreviated msec.

M I STAKE

A human blunder which results in an incorrect instruction in a
program or in coding, an incorrect elernent of informat ion, or an in-
correct manual operation. See Error.

NUI,IBER , B INARY

A numerical value written in the base-two system of notation.
Usually the characters 0 and I are used to express numbers, although
any pair of arbitrary symbols could be used.

OPERAT I ON

A defined action; the action specified by a single computer in-
struction or pseudo-instruction; an arithmetical, logical, or trans-
feral unit of a problem, usually executed under the direction of a
subrout i ne "

OPERAT ION , AR I THI-,IET I CAL

An operation in which numerical quantities form the elements of
the calculation (e.g., addition, subtractIon, multipl lcation, dlv-
ision).

OPERATI0N, REAL-TIME or 0N-LINE

The. processing of data in synchronism or in colncldence wlth a
physical process in such a fashion that the results of the data-proces-
sing are useful to the physical operation.
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OP€RATION, SERIAL

Thc f lor
using only one
wlth paral lel

of Informatlon through e conputer
diglt, word, llne or channel at a

operat i on.

In tlme seguonce,
tlnp. Contrerted

0R-0PERAT0R

A logical operator which has the property such that lf P or Q
are two statements, then the statement rrP or Qtt ls true or false
precisely according to the following table of posslble combinatlons:

P' 
False 0
True I
True l
False 0

The term disjunction is

A porQ
True I True I
Fal se 0 True I
True I True I
False 0 False 0

applled to this operator.

OUTruT

Informatlon transferred frqn the Internal storagc of a conputer
to secondary or external storage; informatlon transferred to rny
devlce exterlor to the computer.

PARALLEL

Handled s imul taneousl y
two or rmre parts of a word
ser I al

separate facl | | tles; operat Ing on
I tem sim.rltaneously; contrastcd wlth

r qurntlty ls stated; a
of rlgnlflcant dlglts'ln a

In
or

PLUG-BOARD

A removable panel containlng an ordered array of termlnals whlch
may bc interconnected by short electrlcal leads accordlng to a prc-
scrlbad pattern and hence desfgnatlng a speclflc program or machinc
step. The entire panel, pre-wired, may be inserted for different
Prdgrams. Used to a large extent In CPICrs, prlnters, tabulators, 3unF
mary punches and sd||e cqnpu.ters e.g. the Unlvac Flle Conputer.'

PREC I S ION

Thb degrce of exactness wlth wtrlch
relatlve term oftcn based on the nutber
measurement. Sce also Accurlcy.
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PROGRAMMER

A person who prepares instruction sequences without necessarlly
converting them into the detailed codes of a particular comPuter.

PUNCH, CARO

A device which perforates or places holes in cards in specific
locations designated by a program.

RANDOI.{-ACCESS

Access to storage under conditions in which the next position
from which information is to be obtained is in no way dependent on
the previous one.

READ

To copy, usually f rorn one form ()f storage to another, particular-
ly frorn external or secondary storage to internal storage; to sense
the meaning or arrangements of hardware; to sense the presence of
information on a recording medium.

READER, CARO

A mechanism that permits the sensing of information punched on
cards by means of wlre brushes, metal feelers, or a photoelectric
device, converting the Information into electrical pulses that are
sensible to the cofiiputing system.

REAOER, TAPE, MAGNETIC

A device capable of restoring to a train or sequence of electrl-
cal pulses, information recorded on a magnetic tape in the form of a
series of magnetized spots, usually for the purpose of transferring
the information to sqne other storage medium.

READER, TAPE, PAPER

A device capable of restorlng to a traln or sequenco of electrl-
cal pulses, information punched on a paper tape in the form of a
serles of holes, usually for the purpose of transferring the Informa-
tlon to sqne other storage medlum.
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REAL.T I}tE

The performance of a conputation during the actual tlme that'the
related physical process transpires In order that results of the com-
putations are useful In guldlng the physical process.

ROUT I NE

A set of coded Instructions lrranged in proper sequence to dlrect
the computer to perform a desired operatlon or serles of operations,

RUN

One performance of a program on a ccrnputer; performance of one
routlne, or several routines automatically linked so that they form an
operatlng unlt, during which manual manipulatlons are not required of
the computer operator.

SCANNER

An Instrument which automatlcally samples or Interrogates the
state of various processes, c ondi tions, or physlcal states and Ini tiates
actlon In accordance with the information obtalned.

SENSE

To examine, partlcularly relative to a criterion; to determine
the present arrangernent of sorne element of hardware, especially a
manually-set switch; to read holes punched in paper.

SEqUENCER

A machine which puts items of information Into a partlcular
orderl €.go1 it will determine whether A ls greater than, equal to,
or less than B, and sort or order accordingly.

STORAGE

Preferred to memory, 6ny device into which units of Information
can be copied, whlch will hold this information, and from which the
Information can be obtained at a later tlne; devlces, such as plug-
boards, whi'ch hold information In the form of arrangements of physi-
cal elernents, hardware, or equipment; the erasable storage in any
glven cofiiputer.
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STORAGE , I'IAGNET IC

Any storage system which utilizes the magnetic properties of
material s to store information.

STORAGE, HERCURY

Columns of a liquid mercury medium used as a storage element by
the delaying action or time of travel of sonic pulses which are cir-
culated by having electrical ampl ifier, shaper, and timer circuits
conplete the loop.

STORAGE, PARALLEL

Storage in which al I bits, or characters, or (especial ly) words
are essentially equally available in space, without time being one of
the coordinates. Paral lel storage contrasts with serial storage. l,/hen
words are in parallel, the storage is said to be parallel bv words;
when characters within words (or binary digits within words or charac-
ters) are dealt with simultaneously, not one after the other, the
storage is parpllel by characters (or parallel by bit respectively).
Contrasted wi th Storage, Paral lel .

STORAGE, SERIAL

Storage in which time is one of the coordinates used to locate
any given bit, character, or (especial ly) word. Storage in which
words, within given groups of several words, appear one after the
other in time seguence, and in which access time therefore includes
a variable latency or waiting time of from zero to many-times, is said
to be serial bv word. Storage In which the individual bits conprising
a word appear in time sequence is serial by bit. Storage for coded-
decimal or other non-binary numbers in which the characters appear In
time sequence is serial by character; e.g., magnetic drums are usually
serial by word but may be serial by bit, or parallel by bit, or serial
by character and parallel by bit, etc.

SUBROUT I NE

The set of instructions necessary to direct the computer to
carry out a well defined mathematical or logical operation; a sub-
unit of a routine. A subroutine is often written in relative or sym-
bolic coding even when the routine to which it belongs is not.
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SYSTEI{

An assembly of components united by some form of regulated In-
teraction; an organized whole.

TABULATOR

A machine which reads information frqn one medium, e. g. cards,
paper tape, magnetic tape, etc. and produces lists, tables, and totals
on separate forms or continuous paper.

TAPE , I|AGNET tC

A tape or ribbon of any materlal impregnated or coated with
netic material on which informatlon may be placed in the form of
netical ly polarlzed spots.

TRANS I STOR

An electronic device utilizlng serni-conductor propertles to con-
trol the flow of currents from one source in one clrcuit by currents
from another circultl e.g. r triod transistor permits the control
of current in one circult by the use of a smaller current in another
circuit, with the transistor coilnon to.both circults.

TUBE, CATHODE.RAY

An electronic vacuum tube containlng a screen on whlch information
may be stored by rnans of a multigrid modulated beam of electrons from
the thermionic emitter, storage effected by means of charged or uncharg-
ed spots; a storage tube; a l,Jil liams tube; an oscll loscope tube; a plc-
ture tubd

l.,ORD

A set of characters which occupies one storage location and is
treated by the computer circuits as a unit and transported as such.
Ordinarily a word is treated by the control unit as an Instruction,
and by the arithmetic unlt as a guantity. Word lengths are flxed
or variable depending on the particular comluter.

mag-
ma9-
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APPENDIX IX

Bi bl iography

The following sources were used in the preparation of this mono-
graph. The conmercial books (open Iiterature) were used mainly for
background information and study while the reports, manuals, interviews,
and material prepared by BRL personnel were used directly to write the
various chapters

Books

l. Giant Brains or l,lachines That Think by Edmund C. Berkely
. John Wiley & Sons, Inc., New York - 1949

2. Basics of Digital Computers by John S. Hurphy
John F. Rider Publisher, Inc., New York - 1958

3. Automatic Digital Computers by M. V. bli lkes
John l.liley s Sons, Inc., New York - 1956

4. Digital Calculating ilachines and Their Application to
Scientific and Engineering Work by G. A. Hontgomerie
D. Van Nostrand Co., Inc., New York - 1956

5. Conputers - Thelr 0peration and Appl ications by Edmund C.
Berke I ey and Lawrence l,ia inwr i ght
Reinhold Publishing Corp., New York - 1955

5. The Electronic Brain and blhat lt Can Do. by Saul Gorn and
I'lallace Manheimer
Science Research Associates, Inc., Chicago - 1956

7 . Hathemat ics - lts Mag ic and l'lastery by Aaron Bakst
D. Van Nostrand Co., Inc., New York - l94l

8. Electronic Conrputers - Princlples and Appl lcations edlted by
T. E. lvall
Philosophical Library, New York - 1956

9. An Introduction to Automatic Cornputers by Ned Chapln
D. Van Nostrand Co., Inc., New York - 1955, 1957

10. Mathematics and Computers by George R. Stlbltz and Jules
A. Larrivee
ltcGraw-llill Eook Co., Inc., New York - 1957
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I l. Automatic Digital Calculators by Andrew D. Booth and
Kathleen H. V. Booth
Academic Press Inc., Publlshers - New York - 1955

12. High-Speed Data Processing by C. C. Gotlieb and J. N. P. Hunp
l'lccraw-Hill Book Co., Inc., New York - 1958

13. Electronic Conputers and l.lanagerpnt Control by George
Kozmetsky and Paul Kircher
lilcGraw-Hill Book Co., Inc., New York - 1956

14. The New York Times - April 30, 1961, Section lt, Advertisement,
lBM, The Information Explosion

Report s and llanua I s

l. First Draft of a Report on the EDVAC, by John von Neumann -
iloore School of Electrical Engineering, University of
Pennsylvanla, June J0, 1945

2. The EDVAC - A Preliminary Report on Loglc and Deslgn. Research
Division Report 48-2, l.loore School of Electrical Englneerlng,
University of Pennsylvania - l6 February 1948

3. Progress Report on the EDVAC, Vol. I and | | , l{oore School of
Electrlcal Engineering, University of Pennsylvania - 30 June
t946

4. 0RDVAC l{anual - 1952 - University of lllinois for Ballistlc
Research Laboratories - 3l 0ctober l95l

5. BRL tlemorandum Report No. 755, A Review of 0RDVAC 0perating
Experience, by C. R. Williams - January l!!4

6. A Functional Description.of the EDVAC, Vol . I and ll,l'loore' 
School of Electrical Engineering, University of Pennsylvania-
I November 1949

7. BRL Report No. I l15, l,tarch 196l , A Third Survey of Donestic
Electronic Digltal Computing Systems, by Hartin H. Weik

8. BRL Report No. 1010, June 1957, A Second Survey of Domestic
Electronlc Digltal Computing Systems, by Martln H. Weik

9. BRL Report No, 971, December 1955, A Survey of Donestic
Electronlc Dfgital Conputing Systems, by l{artin H. },leik
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Da.ta submitted bv BRL Personnel (Computinq Laboratorv)

l. File of general data concerning computers - Hr. l.lartain
H. LJeik.

2. Story of BRLESC - prepared by Mr. R. J. Bianco.

3. Story of BRLESC - prepared by Mr. l.lart in H. We i k .

4. The ENIAC 5tory, by H. H. Goldstine, P. N. Gillon, and
and M. H. Weil<.

5. The Conrputer Tree - prepared by l,lartin H. l,teik.

5. Oata on EDVAC - prepared by Mr. Chester |,lall in.

Interviews -!dith BRL personnel (Comput inq Laboratorv)

l. Interview with Hr. Melvin Wrublewskl , Electronics Englneer,
for data regarding problems with ENIAC.

2. Interview with Mr. Harold L. Sprinkle, Electronics Englneer,
for data regarding problems with ENIAC.

3. Interview with Mr. l,Jilliam H. Swann, Electronics Repairman,
regarding the Bel I Relay Conputer.

4. Interview with Hr. Chester bJall in, regarding EDVAC.

5. Interview wi th Hr. James Hal lman, regarding ORDVAC.

5. Interview with Mr. I'lartin H. Weik, Technical Staff Assistlng
regard i ng :

a. Computing Systems in general.

b. ENIAC

c. EDVAC

d. ORDVAC

e. BRLESC

f. other cofiiputing systems in use by the 0rdnance Corps,
Science, and Industry.

g. Suggestions during preparation of monograph.




